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PREFACE

The prototype investigation described herein was conducted during July
1986 by the US Army Engineer Waterways Experiment Station (WES) uﬁder the
sponsorship of the US Army Engineer District, Sacramento (5PK).

Tests were conducted by Mr. T. L. Fagerburg, Prototype Evaluation
Branch, Mr. C. H. Tate, Locks and Conduits Branch, and Dr. R. E, Price,
Research Water Quality Branch, Hydraulic Structures Division, Hydraulics
Laboratory, WES, under the general supervision of Messrs, F. A. Herrmann, Jr.,
Chief, Hydraulics Laboratory; M. B, Boyd, Chief, Hydraulic Analysis Division;
and G, A, Pickering, Chief, Hydraulic Structures Division. This report was
prepared by Messrs. Fagerburg and S, E. Howington, Research Water Quality
Branch, and Dr, Price under the supervision of Mr. E. D. Hart, Chief, Proto-
type Evaluation Branch, Dr. B, J. Brown, Chief, Hydraulic Analysis Branch, and
Dr, J. P, Holland, Chief, Research Water Quality Branch, and edited by
Mrs, M. C. Gay, Information Technology Laboratory, WES. Instrumentation sup-
port was obtained from Messrs. L. M., Duke, Chief, Operations Branch, Instru-
mentation Services Division, WES, and S. W, Guy, Data Acquisition Section,
Operations Branch.

Acknowledgment is made to SPK personnel for their assistance in the
invesgtigation,

COL Dwayne G, Lee, EN, is the Commander and Director of WES.

Dr. Robert W, Whalin is the Technical Director.
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CONVERSION FACTORS, NON-SI TO SI (METRIC)
' UNITS OF MEASUREMENTS

Non-5T1 units of measurement used in this report can be converted to SI

(metric) units as follows:

Multiply By To Obtain
acceleration due to 9,806650 metres per second
gravity : per second
acre-feet 1,233,489 cubic metres
cubic feet 0.02831685 cubic metres
degrees (angle) 0.01745329 radfans
Fahrenheit degrees 5/9 Celsius degrees
: or Kelvins#*
feet 0.3048 metres
feet of water 2,988,998 pascals
(39.2° F)
inches 2.54 centimetres
inch-pounds (force) 0.1129848 metre-newtons
kips (force) per 6.894757 megapascals
square inch
microinches per inch 0.00001 millimetres per
centimetre
miles (US statute) 1.609347 kilometres
pounds {force) per 6.894757 kilopascals

square inch

* To obtain Celsius (C) temperature readings from Fahrenheit (F) readings,
use the following formula: C = (5/9)(F - 32), To obtain Kelvin (K)
readings, use: K = (5/9)(F - 32) + 273.15.
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WATER QUALITY OUTLET WORKS PROTOTYPE TESTS WARM SPRINGS DAM,
DRY CREEK, RUSSIAN RIVER BASIN
SONOMA COUNTY, CALIFORNIA

PART I: TINTRODUCTION

Pertinent Features of the Project

1. The Warm Springs Dam and Reservoir are located in north-central
California on Dry Creek just below the mouth of Warm Springs Creek approxi-
mately 90 miles* north of San Francisco (Figure 1). The reservoir has a gross
storage capacity of about 381,000 acre-ft for flood control, water supply,
recreation, fish, and wildlife.

2. The general features of the project are an earth dam, a spillway
with an ungated ogee weir, a chute with a flip bucket at the downstream end,
and a controlled ocutlet in the left abutment.

3. The controlled outlet works consist of an intake structure located
at the base of the dam for a 14.5-ft-diam lined conduit passing through the
left abutment, a control structure located 400 ft from the upstream portal,
primary and secondary stilling basins, and a 670-ft-long discharge channel
leading into Dry Creek, Multilevel intakes provide for selection of the level
of withdrawal from the reservoir. The intakes, shown in Plate 1, are desig-
nated as No. 1 (el 430.0%%), No. 2 (el 390.0), and No. 3 (el 352.0). Flow is
controlled by a 60-in.-diam butterfly valve on each 5,0-ft-diam intake, The
valves discharge into a single 6-ft-diam vertical wet well with the wet well
discharge controlled by a 2- by 3-ft vertical 1ift quality control (QC) gate
located at the lower end of the wet well at el 233.0 (Plate 2). This single
wet well water quality system (600-cfs total capacity) provides the seasonal
release temperatures required by the fish hatchery located immediately down-
stream of the dam. During October through April, release water temperatures

for the fish hatchery are to be between 52° and 55° F, while during May to

* A table of factors for converting non-SI units of measurements to SI
(metriec) units is found on page 3.
%% All elevations {el) and stages cited herein are in feet referred to the
National Geodetic Vertical Datum (NGVD).



September, 55° to 58° F is required. Therefore, the multilevel outlet is op-
erated to provide a cool-water resource during the summer months for use by

the fish hatchery.

Purpose and Scope of Prototype Tests

4., In November 1973, the US Army Engineer Distriect (USAED), San
Francisco, requested that the US Army Engineer Waterways Experiment Station
(WES) submit a proposal for instrumentation and a subseQuent testing program
for Warm Springs Dam. The proposal was submitted in December 1973, A meeting
of personnel from the South Pacific Division, San Francisco District, and WES
was held at the District in December 1973 to discuss design matters, a pro-
posed model study, and prototype instrumentation and testing. At that time
the prototype instrumentation facilities to be used in the testing were spec-—
ified. A revised testing proposal based upon the decisions from this meeting
was submitted in January 1974, Testing was originally scheduled to take place
in the summer of 1983; however, delays in construction and lack of available
water for filling the reservoir caused the testing program to be rescheduled.
During this period, responsibility for the project was transferred from San
Francisco DHMstrict to Sacramento District,

Purpose

5. As stated in the water control manual for Warm Springs Dam and Lake
Sonoma (USAED, Sacramento, 1984), the multilevel outlet structure should allow
mixing of water from different elevations. During the thermal stratification
cycle, as well as during the drawdown of the pool, the operation of two ports
to achieve the desired release temperature may be necessary. This simultane-~
ous multilevel port operation in a single wet well has been termed blending.
If two ports are open and the water density difference (due primarily to ther-
mal differences) between the two ports is large, flow through the upper port
(with less dense water) may be negligible. This phenomenon is termed density
blockage. In this event, some flow control must be exercised at the lower
port to achieve the desired release temperature. Butterfly valves were spec-
ified as the control valves for regulating flows through the three multilevel
intakes during selective withdrawal operations. Some concern had been ex-
pressed by the Sacramento District over the structural response of butterfly

valves, particularly under partially open conditions, and the response of the



water column in the wet well that could be related to safety and reliability
of this system., Specifically, the prototype tests were requested to (a) de-
termine the dynamic response of one of the butterfly valves for selected oper-
ating conditions in terms of the potential for vibration and cavitation,
{b) determine surging and water level drops in the wet well, (c) evaluate use
of elbows in the intakes and the wet well as discharge measurement facilities,
(d) investigate the occurrence of stratified flow within the wet well and den-
sity blockage when two ports are operated, and (e) develop a method to evalu-
ate the ability of a given simultaneous multiple-level port operation to
achieve a given release temperature while accounting for density influences.
Scope

6. Tests were conducted at a single pool elevation (el 445.8), and the
measurements consisted of the following:

a, Static and fluctuating pressures on the face of the instrumented
butterfly valve leaf.

b. Uniaxial vibrations of the instrumented butterfly valve.

c. Static and fluctuating pressures in the conduit immediately
dovmstream of the instrumented butterfly valve.

d. Static pressures along the intake conduit upstream of the
instrumented butterfly valve,

e. Wet well water-surface elevation changes and detection of
surging within the wet well,

f. Elbow piezometer differentials in each intake and in the lower
wet well.

g. Air demand in the l4-in.-diam QC gate air vent,

h. Butterfly valve torsional strain values for opening and closing
operations.

i. Wet well water temperature changes during operations.

7. A total of 161 tests were conducted for different discharges based
on QC gate settings, butterfly valve settings, and combinations of intakes
operated during the period 12-14 July 1986. Maximum discharges for testing
purposes were limited due to downstream flow restrictions for seasonal

recreation requirements,



PART IT: TEST FACILITIES AND EQUIPMENT

Test Facllities

8. The locations of the instrumentation described herein are shown in
Plates 1 and 2. Specifications for the instruments used are listed in
Table 1.

Intake tunnel plezometers

9, During construction of the project, four pairs of piezometer lines
and taps (IP1, IP2, IP3, and IP4) were installed along the center line of the
middle intake conduit at 25-ft intervals., The piezometer openings were
1/4-in.-diam holes in stainless steel plates fitted to the contour of the con-
duit surface. The lines terminated in the intake tower at a manifold located
at el 394.0, Plates 1 and 2 show the locations of these piezometers and
manifold. A typical manifold is shown in Figure 2.

Figure 2. Typical piezometer manifold

Elbow piezometers

10, A pair of piezometer lines were also installed during construction
in the bend of each intake tunnel (IP7, IP6, and IP5) just upstream of each
butterfly valve as shown in Plate 1. The piezometer openings were the same as

those of the intake conduit described in the preceding paragraph. The lines



terminated in the intake tower at manifolds located at elevations shown in
Plate 2. An additional pair of elbow piezometers (TP8 and TP9) were installed
in the lower transition zone of the wet well as shown in Plate 2,

Wet well pressures

11. Facilities for the installation of four pressure transducers (PRI,
PR2, PR3, and PR4) to monitor pressures at various elevations in the wet well
were installed during comstruction, as shown in Plate 2, The facilities con-
sisted of a hole that was drilled and tapped in the wall of the wet well to
accept a 1-3/8-in.-diam threaded waterproof pressure transducer adapter shown
in Figure 3. An additional transducer location (PR5) was provided immediately
downstream of the QC gate (Plate 2) to monitor the pressures in the expanding

discharge conduit.

~WET WELL ADAPTER

& 5

Figure 3. Waterproof pressure transducer adapter

Butterfly valve leaf instrumentation

12. During the fabrication of the intake butterfly valve No. 2, de-
tailed drawings of the instrumentation facilities were submitted to the
manufacturer to be incorporated in the completed valve. The locations of the
instrumentation facilities are as shown in Figure 4 on the downstream face of

the valve leaf. The instrumentation to be installed at the various locations
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Figure 4. Butterfly valve leaf instrumentation locations and
cable access

consisted of two accelerometers (Al and A2) to monitor vibrations and motions
of the butterfly valve leaf and five pressure transducers (Pl, P2, P3, P4, and
P5) to monitor pressures on the valve leaf. The signal cables for these
instruments were passed through individual 5/8-in. cable access holes into a
common 1-1/8-in. cable access hole that passed through the center of the valve
shaft and exited the end of the valve shaft as shown in Figure 4.

13, For the valve leaf instrumentation installation and removal proce-
dures, workers wearing safety lines and hbelts were lowered through the top of
the wet well and down to the elevation of the middle butterfly walve by an
air-operated manlift as shown in Figure 5., The wet well was drained of water
during the installation and removal procedures, Radio communication was
established between the outside and inside of the valve to aid in the work
efforts and for safety purposes.

Cavitation measurements
downstream of butterfly valve

14, Six locations for installation of pressure transducers were chosen
downstream of the middle intake butterfly valve for measurement of or detec-
tion of possible cavitation conditions that may exist for certain operating

procedures. During construction, four pressure transducer access holes were

10



Figure 5. Manlift used for access to instrumented butterfly
valve

drilled and tapped to accept a 1-3/8-in.-diam transducer adapter. These four
locations (PV3, PV6, PV9, and PV12) formed a ring around the circumference of
the conduit as shown in Plate 3. Two additional transducer locations (PBl and
PB2) were added after installation of the butterfly valve to monitor pressures
at the invert of the conduit at points 3/4 in. downstream of the wvalve seat
(PB1) and 12 in. dowmstream of the valve seat (PB2).

Butterfly valve torque strain gages

15. The shaft of the middle intake butterfly valve was instrumented
with strain gages to monitor the torsional strain values associated with the
operation of the butterfly valve. The strain gage and bridge arrangement used

to measure torque is shown in Figure 6. When accurate gage placement and

Gages 2 and 3 are aolso at 45° with shaft axis

) 4.4
3 4 /

Figure 6. Strain gage arrangement on valve shaft

wn el (n
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matched gage characteristics are used, this arrangement is temperature compen-
sated and insensitive to bending or axial stresses.
Air demand

16. The l4-in.-diam air vent located at the lower elevation of the in-
take tower (Plate 2) was used for measuring air demand of the flows released
through the wet well. A hole was made in the air vent at the specified loca-
tion during construction and outfitted with a cover plate. A pitot tube
mounted in a duplicate cover plate, similar to that shown in Figure 7, was
then installed in the opening to monitor air flow during testing., The pitot
tube was adjusted so that the tip of the probe was oriented into the direction

of the air flow and positioned in the center of the air vent.

Figure 7. Pitot tube used for air demand measurements

Wet well water temperatures

17. The field tests, which were also designed to investigate the occur-
rence of stratified flow and density blockage, centered on water temperature
in the wet well under varying operating conditions. Thermistors were attached
to the wet well by means of compression fittings that were screwed into the
wet well. Thermistors were located immediately downstream of each valve, one
on the top and one on the bottom of the conduilt, immediately before connection
with the wet well, The thermistors were also located in the wet well itself

at various intervals immediately below inlets for each valve and on the

12



opposite side of the wet well as shown in Plate 4. Although the thermistor
accuracies provided by the manufacturer were considered reasonable, tests were
conducted before and after the field tests to determine variablility of mea-
surements among individual probes. All probes were placed in a water bath of
uniform temperature and measurements taken, Statistical results indicated
that performance of the thermistors was well within the accuracy stated by the
manufacturef and that calibration after prototype tests were completed re-
sulted in no change in accuracy. Therefore, results of the prototype tests
were not adjusted to account for individual probe variability.

Other measurements

18. Other recorded data consisted of reservoir water-surface eleva-
tions, QC gate openings, butterfly valve operations and openings, and limited
discharge measurements., These data were provided by the project and Sacra-
mento District personnel. Water discharge data were provided by the District
and were based on correlation of the QC gate setting with the gaging station
immediately downstream of the-project. Temperatures were also measured in the
reservoir to determine the stratification of the lake during the testing

period.

Test Equipment

19. The test equipment listed and described herein includes the trans-
ducers, cables, and recording equipment. The following transducers were used
in the test:

a. Intake tunnel piezometer pressures: 50-psia pressure
transducers.

b. Elbow piezometer pressures: *0,5-psid pressure transducers.

c. Wet well transition elbow pressures: 100-psia pressure
transducers.

d, Wet well pressures: 50- and 100-psia pressure transducers.
e, Butterfly valve leaf pressures: 50-psia pressure transducers,
f. Butterfly valve leaf accelerations: #2,0-g accelerometers.

g. Butterfly valve downstream cavitation pressures: 50-psia
pressure transducers,

. Butterfly valve torque measurements: strain gages.
. Wet well temperatures: +40-deg temperature probes.

20. The following equipment was used for recording the data:

13



a, WES-fabricated bridge amplifiers for instrument output signal-

conditioning.
b. A Thorn-EMI model SE7000, 32-track magnetic tape recorder.
c. CEC model 5-124 osciliograph with 6-in. chart.
d. Fluke model 8200 A digital voltmeter,
e. Techtronics model 465-R oscilloscope.

Figure 8 shows the equipment as it was set up for data recording at the

project. The tape recording speed for the data collection was 7.5 ips.

Figure 8, Equipment used for data recording

14



PART III: TEST CONDITIONS AND PROCEDURES
Conditions

21. Measurements were made at a generally constant pool elevation of
445.8. The tests were made at various butterfly valve settings, combinations
of different butterfly valves, and different QC gate openings. Table 2 lists

the test conditions.
Procedures

22, The tests were conducted on 12-14 July 1986. All the test data,
with the exception of the wet well temperature sensor data, were recorded on
magnetic tape with individual tests being recorded for 1 min, A portion of
the taped data was simultaneously transferred to oscillograms to visually con-
firm that the data were being recorded properly and to make some preliminary
computations. Before each test series, the bleed valves to the piezometer
line pressure transducers were carefully opened to allow any trapped air in
the piezometer lines to bleed off. After the wet well was filled, sufficient
time was allowed for the pressures and water temperatures to stabilize within
the water column.

23. The procedure was generally the same for all the test series that
were recorded and consisted of the following:

a. Record test number, QC gate opening, butterfly valve opening,
number of butterfly valves operating, date, time, and
conditions.

. Record step calibrations.

¢. Record zero calibrations.

d. Open QC gate to desired opening and allow flow to stabilize.

€. Record data on tape and oscillograms.

f. Record discharge (if being measured), pool elevation, and air
femperatures,

g. Change the butterfly valve setting to the next condition to be
tested.

h. Repeat steps e, f, and g for each test series.

i. Record posttest step calibration for each test series,

The exception to these procedures occurred during the water quality tests. To

15



initiate a water quality test series, the wet well was drained, QC gate
closed, and the wet well filled from the 30-in, filling valve that leads from
the roof of the flood-control conduit to the wet well at el 260. Then ports 1
and 3 (port 3 being at el 430,0; port 2 at el 390.0; and port 1 at el 352.0)
were opened to allow the wet well to stratify, and the 30-in. valve was
closed. The QC gate was then opened for the beginning of the test series.

24, One tape channel was used to record voice comments for later refer-
ence of special conditions or events during testing. Changes in data calibra-
tions and signal gain factors were made as required during each test series

and recorded.

16



PART IV: TEST RESULTS AND ANALYSIS

25, All data channels were reduced simultaneously, providing a direct
time-dependent relationship among all channels. All data reduction was con-
ducted at WES, To reduce the data, each recorded test was visually scanned
and a representative sample of each data channel digitized. These data were

then calibrated for the data analysis of each parameter measured.
Air Discharge

26. Pitot tube differential pressures were measured at the location
shown in Plate 2 and Figure 9 for determining the air flow in the l4-in.-diam
air vent feeding the outlet of the wet well just downstream of the QC gate
(approximately at el 234.4). The air vent did not extend the entire length of
the control structure but was connected to the larger 42-in.-diam flood-
control conduit air vent at approximately el 274.0. The pitot tube installa-
tion shown in Plate 2 (el 244.,0) is approximately 50 ft horizontally from the
air vent culvert roof opening. This distance relates to a probe location of
approximately 58 equivalent diameters. At the time of testing, the project
was responsible for maintaining a minimum downstream flow requirement; there-
fore, the flood-control conduits were open to make a base release of 111 cfs.
This circumstance created an air flow in the larger air vents that would
ultimately affect the air flow in the smaller air vent.

27. Velocity at a point VP is proportional to the recorded differen-
tial pressure when measured by a pitot tube (Rouse 1962)., This relation is

given by the equation

v =kvap (1)

P
where
K = constant of proportionality, determined to be 351.6.
Ap = differential pressure between the total head and the static head,

or points A and B in Figure 10,

The Mach number, defined as the ratio of the flow velocity to the sound velocc-
ity, for all point velocities measured was less than 0,30. For engineering

calculations the effects of compressibility may be safely neglected if the

17



Figure 9. Air demand pitot tube installation

>
@ boo d

Figure 10. Pitot tube tip detail

Mach number iz less than 0.30 (Vennard and Street 1975), Therefore the com-
pressibility of air was not considered in the data analysis.

28, Table 3 lists the rates of air flow measured in the l4-in.-diam air
vents. Information from prior field tests (Hart and Pugh 1975) of regulated
outlet works and Hydraulic Design Criteria (HDC) Chart 050-1/1 (US Army Corps
of Engineers) indicates that air demand at two gate positions greatly exceeds
that of other gate positiéns. Initially, a large demand for air is required
at gate positions of 5 percent open. The large demand is created by the
breakup or fraying of the jet as it exits the gate, which entrains large
quantities of air. Plate 5 shows that this phenomenon is evident at a QC gate
position of 5 percent having a peak air flow of 80 cfs. A second air demand
peak may also occur between gate positions 50 and 100 percent, and is gener-
ally caused by the drag force between the water surface and the air above it.
This peak was not obtained during the testing due to the limitations of the
maximum discharge allowed, However, as evidenced in Table 3, the air flow was

seen to increase at larger gate positions (90 percent) during a single valve

18



test (valve 3) for a partial butterfly valve opening of 45 deg having a peak
alr flow of 46 cfs.

Elbow Pressures

Wet well transition zone

29. Pressures in the transition zone elbow at the base of the wet well
were used in an attempt to calibrate the elbow as a differential pressure
elbow meter, The locations of the piezometers TP8 and TP9 are shown in
Plate 2,

30, The differential pressures between piezometers TP8 and TP9 were
plotted against the few measured discharges and were found to be generally
consistent for developing a discharge rating curve. The rating curve devel-
oped from the data, as shown in Plate 6, could be very useful in monitoring
the total flow through the wet well system because the differential pressure
is not dependent upon the pool elevation and would minimize the need for down-
stream discharge measurements during operation of the wet well system. The
pressure differentials for the high discharge tests were found to be more con-
sistent and have good repeatability. At extremely low discharges, <100 cfs,
the differences in pressures in the transition elbow plezometers were either
not consistent or could not be obtalned, as noted in Table 4. This condition
most likely results from the differences in pressures being extremely small
and occurring within the lower limit of accuracy of the high-range (100-psi)
pressure transducers required at TP8 and TP9.

Intake conduits

31, As stated previously, one of the intentions of the test was to
evaluate the feasibility of using the elbow meters for discharge measurement
in the individual intakes and not to develop a detailed calibration system. A
detalled discharge calibration of each butterfly valve and installation of a
calibrated readout system was not included in the original test proposal, It
would have taken an additional week to complete this work and, due to pending
contract work at the project, the time available for including this in the
testing program would not have been sufficient. Development of the rating
curves for each butterfly valve was attempted using the transition zone elbow
pressure data for discharge estimation plotted against the individual intake

elbow differential pressure data from the single-butterfly-valve operation
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tests. The rating curves are presented in Plates 7-9, and the discharges are
listed in Table 4, Durlng the data analysis it was found that the same diffi-
culties as those experienced in the measurements of the transition elbow
piezometers were occurring in the pressure measurements of the intake elbow
piezometers. Some general inconsistencies existed in the repeatability of
pressures for idemtical operating conditions, especially for low discharges.
Also, the maximum pressure ranges of the differential pressure transducers
were exceeded during the high discharges for one- and two-valve operating con-
ditions. Much of the literature on the use of elbow meters as discharge indi-
cators emphasizes that the meter must be calibrated in place and have at least
25 diameters of straight pipe upstream and 10 diameters of straight pipe down-
stream to ensure reasonable accuracy, The intake conduit elbows do not meet
either of these criteria, and each has a different angle of bend and length of
upstream conduit as shown in Plate 1. This inconsistency implies that a sim-
ple formula for computing discharges in 90-deg elbows (Rouse 1962) does not
apply to these intake elbows and that calibration of each elbow is required
for a range of flows. It should be noted here that for easy discharge data
acquisition, it is recommended that a more detailed calibration of the system
be performed when sufficient time and water are available to verify the tran-
sition elbow rating curve and a calibrated discharge display instrumentation
package be installed for each individual butterfly valve.

32, A determination of the discharge coefficient CQ for butterfly
valve No. 2 was made using the discharges obtained from the transition elbow
pressure values. The pressure drop across valve No. 2 (AH) was computed using
the difference between the pressure measured near the elbow (IP4) of intake
No. 2 and the pressure measured in the wet well at PR4. The computed dis-
charge coefficients are plotted versus valve opening in Plate 10. The equa-
tion used to compute CQ is also shown In this plate. As can be seen from
the plot, there are some differences between the suggested design curve (HDC
Chart 331-1, US Army Corps of Engineers) and the computed values, especially
at the larger valve openings. A comparison of these with the model discharge
coefficients (Tullis 1974) shows a tendency for model values to be somewhat
smaller than the computed values. According to Tullis, the pressures measured
immediately downstream of the butterfly valve will be less than those normally

used in the equations for determining C. and would normally be obtained at a

Q

location several diameters downstream in a straight section of conduit.
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However, due to the relatively short length of conduit downstream of the wvalve
before the flow enters the wet well, the best estimate of the downstream pres-
sure values used in the computations could be taken from one of the wet well
pressure locations. Therefore, pressure values from transducer location PR4
were used in the computations. The observed differences in the curves may be
due to the fact that a short length of conduit exists immediately downstream

of the valve and that the QC gate is being operated at partial openings.

Wet Well Water-Surface Elevations

33. Water-surface elevations in the wet well during the tests were
determined from the pressures recorded by transducers PR1-PR4 (see Plate 2 for
location)., The pressures, which were recorded in pounds per square inch, were
converted to feet of water and added to the elevation of the pressure trans-~
ducer to obtain the wet well water-surface elevations listed in Table 5,

These water~surface elevations were then compared to the butterfly valve ele-
vations to determine for which operating conditions tested unsubmerged flow
was established at the butterfly valves, Plates 1] and 12 illustrate flow
condition determinations, submerged versus unsubmerged, for two-valve opera-
tions (operating at the same openings) and single-valve operations, respec-
tively. The lines drawn in Plates 11 and 12 represent the points at which
unsubmerged flow exists. The area above and to the left of the lines repre-
sents operating conditions which produce submerged flow at the butterfly
valves., The area below and to the right of the lines, as well as points that
fall on the lines, represents the operating conditions that produce unsub-
merged flow at the butterfly valves., Generally, in a two-butterfly-valve
operation with both valves at the same opening, it is the upper (highest ele-
vation) valve which determines the operating limitations at which the unsub-
merged flow condition occurs (Plate 11). Single-butterfly-valve operations at
small openings combined with certain QC gate openings created unsubmerged flow
at the valve. Unsubmerged flow conditions were not found to occur for two-
butterfly-valve operation tests in which one valve opening was maintained at
90 deg while the other valve opening was decreased. Tests invelving the
operation of all three valves also did not indicate the occurrence of unsub-
merged flow at any of the butterfly valves. The same pressure transducers

used to record the elevation of the wet well water surface were also used to
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detect the fluctuations of the water surface during the tests for determina-
tion of surging. Plates 13-15 show the typical response of the wet well water
surface for various operating conditions. Surging of wet well water surface
for multiple valve operations was generally small, less than 2.0 ft, at the
maximum QC gate opening of 70 percent. The largest change in water-surface
elevation due to surging (6.14 ft) occurred during Test Bl-G for a single-
butterfly-valve operation. The wet well pressures measured during this test
indicated that the water surface (el 372.8) was well below the center-line
elevation of the operating valve (el 391.0) and that an unsubmerged flow con-
dition existed at the valve. This large fluctuation observed in the wet well
water surface under these conditions is the result of the plunging jet from

the unsubmerged butterfly wvalve.

Butterfly Valve Leaf Pressures

34, Five pressure transducers (P1-P5) were mounted on the downstream
face of the No. 2 butterfly valve leaf to record the dynamic pressures result-
ing from the flow across the valve. The recorded pressures are listed in
Table 6. From the data presented in the table, it is seen that for the tests
in which the operating butterfly valve remained submerged (as noted in
Table 5), the pressures remained generally positive. The most severe pressure
responses were found to occur during the single-valve operation, with the but-
terfly valve at a partially closed position (i60 deg), and at a high discharge
rate (z200 cfs). The pressure transducers were overranged, as noted in
Table 6 for Test B2-G, due to the turbulence of the unsubmerged jet passing
through the partially open butterfly valve and the lack of back pressure. The
existence of this condition would not be recommended for long~term coﬁtinuous
operation. If operating conditions involving partial valve openings through a
single valve are required to regulate the discharge, it is recommended that
the maximum QC gate setting be limited to 50 percent to keep the pressures at
a safe level. If higher discharges are required for emergency releases, such
as a QC gate opening of 70 percent, the partial opening of the butterfly valve
should be limited to no less than 70 deg to avoid the turbulent condition that
exists when the valve is operating in an unsubmerged state.

35. No severe flow conditions were experienced for operations involving

two valves, each operating at partial openings, for the discﬁarges tested.
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The lowest pressure recorded for the two-valve operation at partial openings
was -3,16 ft at transducer location P2, which occurred during Test F2-J. The
operating conditions for this test consisted of butterfly valves No. 2 and

No. 3 set at 30 deg open with the QC gate set at 70 percent open. Both valves
remained submerged during this test and throughout most ‘'of the two-valve
operations. Valve No. 2 became unsubmerged during Test Fl-H as indicated by
the water-surface elevations in Table 5, The pressures recorded in the valve
area were close to atmospheric pressure with the lowest negative pressure
being -1.426 ft at transducer P5.

36. Operations involving three butterfly valves were conducted with two
valves (No. 1l and No. 3) open to 90 deg while butterfly valve No. 2 was
gradually closed for various openings of the QC gate., During these tests, the
wet well water-surface elevation did not fluctuate more than 2,0 ft (Plate 15)
and the pressures on the No. 2 valve leaf reflected very little change from

head pressure with decreasing valve openings.

Valve Area Cavitation

37. 1In conjunction with the pressure measurements discussed previously,
six pressure transducers were used to detect cavitation pressures at the valve
seat (PBl and PB2) and at a point midway between the butterfly wvalve and the
wet well (PV3, PV6, PV9, and PV12), as shown in Plate 3. From the pressure
data presented in Table 6 and the water-surface elevation data of Table 5 for
these transducer locations, it is shown that during a single-valve operation,
severe conditions exist when the water surface in the wet well is lower than
the invert elevation of butterfly valve No. 2. The lowest instantaneous nega-
tive pressure recorded for the single-valve test conditions wasg ~17.82 ft at
transducer PV3 for Test B2-G. The lowest instantaneous negative pressures
recorded for a two-valve operation were -17.57 ft at transducer PB2 for
Test F2-J and -18.4 ft at PV3 for Test D2-H. WNo negative pressures were
recorded in the valve area for any of the three-valve operation tests,

38. 1In general, the turbulence in the valve area and the low pressures
that exist are the result of the high~velocity unsubmerged flow condition
created by the partial opening of the butterfly valve and corresponding large
QC gate openings. The pressures appear to be severe along the invert or bot-

tom of the valve area. This is evident from the data of the pressure
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transducers located in this area (PV6 and PB2) where the lowest instantaneous
negative pressure has been exceeded to the extent that the transducer no
longer functions. This happened to transducers PV6 and PB2 during Test Bl-G,
The transducers were stressed from the instantaneous overranging of the pres-
sure limit during the previous test. These events occurred on the last day of
testing and for the most severe conditions that were expected to exist.
Therefore, due to the limited time to complete these tests, the damaged trans-
ducers were not replaced. Just prior to the time of the loss of the trans-
ducers, the pressures in the valve area were at or below 0 ft (atmospheric
pressure) with extremely turbulent flow. The lowest negative mean pressure
recorded was -6.73 ft at transducer PV3, which also recorded the lowest
Instantaneous pressure at -17.82 ft during Test B2-G.

39. During these single-valve, high~discharge, and partial butterfly
opening tests, a stereo tape recorder and microphone were set up next to
butterfly valve No. 2 to record audible sounds of the flow for detection of
noises such as sizzling, popping, or loud banging, which would be typically
associated with cavitation. The maximum discharge tests were considered to
have the conditions where cavitation would most likely occur; however, for the
particular valve operating conditions tested, these sounds were not detected. |
The loudest noise level observed occurred during Test A3-I when the butterfly
valve No. 3 was at 45 deg open and the QC gate was 90 percent open, These
gate configurations created a severe drop in the water-surface elevation to a
level 17 ft below the center-line elevation of the butterfly valve. The noise
level at the valve location was too high for detection of distinguishable
cavitation noises.

40, The cavitation number <, is an index used in the study of cavita-

tion phenomena and is defined (Rouse 1950) as

i, -5
T @)
v
2g
where
Hu = mean reference pressure
Hv = vapor pressure of the flowing liquid (estimated to be -33 ft

measured relative to the barometric pressure)
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velocity

g

Using the value for Hv stated previously, values of Hu from transducer

-acceleration due to gravity

IP4, and the discharges determined for the single-valve tests at a QC gate
setting of 70 percent, the cavitation index numbers were computed and plotted
relative to the butterfly valve opening. A model study was conducted at
Colorado State University (Tullis 1974) to estimate the expected level of
cavitation at the butterfly wvalve for various upstream head conditions. The
model data were used to compute cavitation index values for the various head

conditions using the following equation:

4 = T E 3

where Hd is the water-surface el 391.0 (from‘Table 5) and

where Hu is the upstream head pressure in feet. For comparison with the
cavitation index values of the model, this equation was used to compute the
cavitation index values using prototype data. The results are listed in

Table 7. The differences between the model and prototype values of ¢, can

be related to the differences in the physical characteristics of the midel and
prototype butterfly valves, as well as the scale effects that are produced in
adjusting the wvalues up to the prototype values. Also, the difference in flow
conditions upstream and downstream of the prototype valve created by the up-
stream bends and the short length of conduit downstream, Which were not tested

in the model, will affect the cavitation index value.

Butterfly Valve Shaft Torque

41. Data from the butterfly valve shaft strain are presented in Table 8
for the various test conditions. The arrangement of gages used, as illus-

trated in Figure &, resulted in automatic temperature compensation for all the
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gages and insensitivity to the effects of all strains other ‘than torsional
strain (Doebelin 1966). The torsional stress was computed using the following

equation (Perry and Lissner 1962):

o =133 (4)

where
o = torsional stress, psi
e = one-fourth of the bridge output, pin./in.
E = the modulus of elasticity, 29 x 106 psi, for stainless steel
p = Poisson's ratio, 0.30, for stainless steel

The torsional stresses were then used to compute the values of the valve

shaft torque using the following equation:

cﬂr3
T = =5 (5)
where
T = valve shaft torque, 1b-in.
T = 3.14 radians
r = radius of the valve shaft, in,

42. Table 8 lists the maximum torque values computed from the strain
data for the single-valve and combination-valve operations. The material used
in the design of the butterfly valve shaft is stainless steel. ASTM A564
type 630 (American Society for Testing and Materials 1988) which is designed
for an ultimate stress greater than 75 ksi. The maximum stress value computed
from the maximum strain shown in Table 8 is 0.559 ksi and is evidently well

below this ultimate stress level,

Butterfly Valve Leaf Vibrations

43, As stated previously, two locations were designated for installa-
tion of the accelerometers for measurement of the valve leaf vibrations. The
accelerometers were installed with the butterfly valve closed, which oriented

the axis of acceleration parallel to the direction of flow., When the valve
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"was opened to the different valve openings, the axis of acceleration changed
accordingly and introduced an offset in the acceleration data, causing the ac-
celerations to appear larger than they actually were. A rotation of the but-
terfly valve leaf from the closed position to the fully open position created
a l-g offset in the reading of the accelerometers in a no- flow condition,
Therefore, at each increment of opening, the accelerometers would experience a
slight offset equivalent to the mean value of the acceleration reading. The
data were corrected for this offset by removing the mean value. The accelera-
tions for all the tests in which butterfly valve No. 2 was operated are listed
in Table 9. The vibration data do not indicate any severe vibrations existing
nor de they reveal any flutter of the butterfly valve leaf. The largest ac-
celeration observed was 4,533 g's for Test DO~J in which the butterfly valve
was at an opening of 45 deg. In general, the largest acceleration values ob-
served were found to occur during tests when the butterfly valve was at open-
ings <50 deg.

44, The acceleration data were used to compute the movement of the

valve leaf in terms of displacement from the following equation:

d = 32.2 (acceleration)

: (6)
{21 frequency)

where
d = peak-to-peak sinusoidal displacement, ft
acceleration = greatest peak-to-peak acceleration, g's
frequency = predominant frequency, Hz

Since the butterfly valves can be considered to be elastic structures, in
which many resonant frequencies exist, any one of a number of frequencies
could be indicative of the natural frequency of vibration. However, it is
generally the lower frequencies that receive the driving power more frequently
due to the ease at which they are excited. The transforming of the data from
the time domain to the frequency domain was accomplished by a mathematical
Fast Fourier Transform (FFT). The peak-to-peak accelerations were taken from
the time-history data for each accelerometer. A typical time-history plot of
acceleration is shown in Plate 16, Plate 17 illustrates a typical example of
an FFT plot of the time-history plots shown in Plate 16. The predominant

27



frequencies of the accelerations were obtained from these types of plots and
are listed in Table 9.

45, The data presented in Table 9 show that, in general, movement of
the butterfly valve leaf was extremely small. The greatest displacement com-
puted was 6.892 x 10_3 ft for Test B3-E, a single-valve operation at a partial
opening. The purpose of placing the accelerometers on the valve leaf was to
obtain those vibrations of the leaf most predominant in the low-~frequency
range to detectAmovement of the leaf as well as obtain vibrations in the high-
frequency range for cavitation analysis. Due to the limitations placed on
maximum discharge, the extremely high flows where cavitation would likely be
present could not be tested; and therefore the data analysis was limited to
the low frequencies. As evidenced from the tests for which the pressure data
indicated that a potential for cavitation existed, the corresponding acceler-
ometer frequency analysis did not indicate significant energy or driving force

at the higher frequencies (>250 Hz).

Stratified Flow in the Wet Well

46. Thermally stratified flow in the wet well was hypothesized as a
possibility during low-flow releases, If the turbulence within the intake
conduit and wet well were minimal under low-flow conditions, it was considered
possible for the thermal stratification, which occurs in the zone of with-

drawal for a given port, to be maintained through the structure., To test this
.hypothesis, thermistors were positioned above and below each port approxi-
mateiy 2 ft upstream of the connection to the wet well. Although the possi-
bility existed that turbulence due to the inlet, elbow, and butterfly valve
could influence the temperature readings, this was the only position accessi-
ble in the wet well to attach thermistors,

47. Before the QC gate was opened, thermal stratification downstream of
each valve was observed, Stratification was indicated by temperature differ-
ences of several degrees between the top and bottom thermistors at each of the
three ports. However, the initiation of flow quickly mixed the water down-
stream of the valve to a uniform temperature within a few minutes. Even at
the lowest flow condition tested, stratified flow was not observed at any of
the ports. Obviously, similar conclusions could be drawn about stratified

flow within the entire wet well.
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Comparison of Water Quality Sample Ports to Reservoir Profiles

48. According to the project's water control manual (USAED, Sacramento,
1984), the operation of the ports in the wet well depends upon the desired
release temperature. To monitor the reservoir thermal profile, a water qual-
ity sampling system was constructed in the wet well. This system consisted of
12 sample ports located at 20-ft intervals beginning at el 230.0 and extending
to el 450.0. The individual pipes collected to a sample manifold at el 270.0
in the control structure sc that water samples could be taken from discrete
elevations in the reservoilr, Temperature measurements were made from samples
taken from the water quality manifold and compared to the temperature profile
taken from a representative station in the reservoir approxzimately 1,000 ft
upstream of the tower. An evaluation of the various temperature measurements
relative to the actual release temperature was performed to give an indication
of the precision of the sample port system. This comparison, given in
Table 10, indicated the water quality sample port temperatures from elevations
above 400 ft were below the corresponding reservoir profile temperature. Fur-
ther, sample port temperatures from elevations below 400 ft were above the
corresponding profile temperature. In addition, the deeper sample ports were
much warmer, probably a result of the distance the sample water traveled
through the pipe system prior to reaching the manifold. The water from the
port at el 270 was 14.4° F warmer than at the corresponding profile elevation,
probably due to a construction error or a leak in the sample system. In
either case, the data collected from this sample port should not be used in
making operational decisions. Further, it is recommended that additional com-
parisons between the sample ports and profiles in the pool be made to identify

the precision of these ports in representing the thermal profile.

Multiple Port Operation Tests

49, The primary objective in these water quality tests was to investi-
gate the effects of thermal stratification on flow through the water quality
ports. Specifically, the objective involved evaluating whether the buoyaney
associated with the water density differences between two ports was greater
than the hydraulic losses of each port such that thermal (density) blockage

might occur and prevent flow through the upper port. The test conditions for
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the water quality measurements are listed in Table 11.

50, The series of tests designed to investigate this phenomencn
(Tests 1 through 6, Table 12) began with the minimum flow (5 percent QC gate
opening). 1In the first series of tests, a rating curve for the QC gate, shown
in the following tabulation, was constructed based on observed stream gage
measurements made immediately downstream in a controlled section of the outlet
channel., QC gate openings were curtailed at 50 percent due to potential

damage to temporary structures downstream of the project.

QC Gate
Opening Digcharge
percent __cfs
5 28
10 . 68
20 : 123
30 181
50 312

51. 1In the next series of tests, after the wet well was stratified, the
No. 3 valve (el 352) and the No. ! valve (el 431) were fully open (90 deg),
and the QC gate was opened 5 percent to release approximately 28 cfs. The
release temperature (53° F) indicated that most of the flow came from the
No. 3 port (el 352) (Test 8, see Table 10 for a representative thermal pro-
file). The upper valve (No. 1) was then closed to 30 deg with little impact
on release temperature (Test 9, Table 12), This was not unexpected since the
discharge through this port was negligible. Similar observations were made as
the upper valve (No. 1) was closed to 20, 10, and 5 deg (Tests 10, 11, and 12,
respectively, Table 12). These observations indicated demnsity blockage
occurred between the No. 3 and No. 1 ports for this minimum flow.

52. The next series of tests (Tests 13 through 16, Table 12) involved
closing the No, 3 valve by varying amounts to increase local head loss,
thereby overcoming the density blockage and allowing flow from the upper port
(No. 1 valve). As the No. 3 valve was closed to 60 deg open, the release tem-
perature increased from 53° to 55.8° F, Although the mixing in the wet well
above the No. 3 valve was still obvious, the density blockage was overcome,

As the valve was closed to 45 deg the temperature increased to 60° F and the
mixing zone moved down below the No. 3 valve. Continued increases in release
temperature were observed with No, 3 valve openings of 30 and 15 deg, respec-

tively. Plate 18 illustrates these findings.
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53. As the discharge from the QC gate was increased from 5 to 10 per-
cent open, density blockage was overcome more quickly. With both No. 1 and
No, 3 valves open 90 deg, flow through the top port (No. 1) was indicated by a
release temperature of 59° F (Test No. 17}, which was an increase of 6° F over
the release temperature resulting from the tests with a lower flow rate
(Test 8). Restriction of flow from the No. 3 valve, by closing it to 60 deg
open (Test 19), increased the release temperature to 60.7° F, Further re-
striction by closing the lower valve to 45, 30, and 15 deg (Tests 20, 21, and
22, respectively) further increased release temperature similar to the 5 per-
cent QC gate flow series discussed previously. Since density blockage was not
observed at the 10 percent pate, the No. 1 valve (el 430) was closed to 10 deg
open. The release temperature of 54.7° F (Test 18) indicated that some flow
was still coming from the upper port. Release temperatures for the 20 percent
(Tests 23-27) and 50 percent (Tests 28 and 29) QC gate openings exhibited
similar trends to that of the 10 percent series in increasing upper port flow,
resulting ultimately in release temperatures composed of an almost equal blend
of water from the No. 1 and No. 3 ports for these larger QC gate settings.

54. A similar series of tests, Tests 30-41, was conducted using the
No. 2 and No. 1 ports to investigate the flow distribution under a slightly
smaller density difference. The temperature difference between the No. 1 and
No. 2 ports (approximately 13° F) was slightly less than that between No. 1
and No. 3 ports (approximately 16° F). 1In the first test, with both No. 1 and
No. 2 valves fully open (90 deg) and the QC gate flow at 5 percent of the gate
opening, a release temperature of 61.4° F was observed. This indicated that
flow from the upper port (No. 1) was occurring. As the No. 2 valve was closed
to 60 and 30 deg, an increase In release temperature was observed (Plate 19),
indicating an increase in the portion of flow coming from the No. 1 port.

55. 1In the next set of tests, Tests 42-44, the blending of water from
the deeper portions of the reservoir with epillimnetic water was attempted.
This was investigated by operating butterfly valve No. 4, the 30-in. filling
valve, with the No., 1 wvalve (el 430). The 30-in. filling valve inlet is
located in the roof of the flood-control tunnel at el 228, Since this is not
a normal operating procedure, flows were not allowed to exceed 5 percent QC
gate capacity. After the wet well was filled from wvalve Yo. 4, the No. 3 and
No. 1 valves were opened to allow stratification of the wet well (Test 42);

then the No. 3 valve was closed and the QC gate opened 5 percent (Test 43).
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The resulting release temperature was 65.5° F, indicating blending between the
No. 1 port and the filling valve. The No. 1 (upper) valve was closed to

10 deg open and a corresponding reduction in release temperature (58.0° F) was
observed (Test 44),

56. The water from the filling valve, although located much deeper in
the hypolimnion than water from the No. 3 port, did not have a temperature any
cooler (thus denser) than the water at the No. 3 port. Although density
blockage was observed in previous tests using the No. ! and the No. 3 ports
with a 5 percent QC gate opening, density blockage was not cobserved during
operation of the Wo. 1 and filling valves. This was undoubtedly due to the
higher hydraulic losses of the filling system (as compared to those of the
No. 3 valve), which caused the density blockage to be overcome more quickiy
than did the No, 1 and No. 3 valve operation.

57. The results of the simultaneous multilevel port operation (blend-
ing) portion of the field study indicated that blending is, indeed, both pos-
sible and potentially practical in the operation of this structure. The in-
well temperature monitoring results lead to the conclusion that the release
water was composed of a combination of flows from multiple ports within the
single wet well for many intake/valve combinations. Furthermore, the observed
release temperatures indicated that the flow distributions among the ports
followed the trends established in prior blending research (Howington 1987),
The results also showed that substantial control over the flow distribution
could possibly be galned by partial valve closure in the inlet conduits. This
was evidenced by the strong functional relationship between release tempera-
ture changes and incremental valve setting changes.

58, Since the field data correlated well qualitatively with existing
theory, a separate effort was undertaken to quantitatively describe the blend-
ing processes at this structure. The observed data from this fieldwork were
compared to output from an existing algorithm that describes the general
blending process (Howington 1987). The details of the application of the
blending algorithm to the Warm Springs data appear in the section, "Blending
Analysis,"

59. The comparison between the algorithm-predicted and observed release
temperatures generally indicated errors of less than 1° F. Plate 20 demon-
strates that the larger errors were confined to the 5 percent QC gate (28-cfs)

tests. In this range, the flow distribution is much more sensitive to total
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discharge and density potential computations than at higher flows. However,
the accuracy of the discharge measurement is also poorest at these very low
flows. Therefore, these large errors cannot be directly attributed to an
insufficiency in the blending algorithm.

60. As indicated previously, thermal blockage was observed during these
tests. Tests 8 through 12 (Table 12) demonstrated an essentially blocked
structure with the release temperature comparing very closely with that in the
lowest intake conduit. As the lower valve was throttled to 60 deg (Test 13,
Table 12), the algorithm still predicted a generally blocked state; however, a
slight contribution from the upper port, probably due to wet well tutrbulence,
was evident in the observed data., Blockage was easily overcome, both in the
prototype and the algorithm predictions, once the lower port had been
throttled to 45 deg.

61. Tests 1 and 2 were not blending tests as only one intake was open,
but they did reveal an important problem. The field study documentation
indicated significant leakage through the lower butterfly valve. For Tests 1
and 2, the only open valve was the upper valve with a temperature in the wet
well at the elevation of the upper port of about 71° F. The upper valve set-
tings for these tests were small (15 and 30 deg, respectively, with the QC
gate at 5 percent) and the losses were large. This large differential between
the wet well water surface and the pool created a driving pressure differen-~
tial across the lower butterfly valves. At this low flow (28 cfs), the leak-
age across the lowest valve was significant enough to decrease the expected
release temperature by about 11° F to 60° F. The leakage should be consider-
ably less for larger gate settings, thus minimizing the impact of the leakage
on temperature predictions. The use of valves 2 and 3 during the blending
tests yielded consistently cooler temperatures than were predicted. This can
be attributed to the leakage across the lower valve,

62. 1In general, the results of the comparisons of predicted to observed
release temperatures were very good. The head loss coefficients used in the
blending predictions should, however, not be used extensively without further
evaluation since the method used in their derivation was indirect in the
absence of direct port flow measurement. The predicted release temperatures
corresponded very well with the observed release temperatures, providing ver-
ification of the methods used. The results of this evalution indicate the

existing blending algorithm can be used to satisfactorily predict release
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temperatures for multilevel port operation in the Warm Springs single wet well

structure,

SELECT Model Test

63. The final effort conducted during this investigation was an on-site
application of the nﬁmerical model SELECT (Davis et al. 1987). This version
of SELECT, which was developed prior to the formulation of the blending
algorithm, was used to determine the accuracy of the model in predicting flows
through ports necessary to result in a given release temperature. An opera-
tion was formulated in which 123 cfs of 59.0° F water was to be released.

This discharge was well above the critical discharge (below which density
blockage was observed). Since this temperature objective could not be
achieved by operation of a single port, the required multiport operation was
sought using SELECT. The desired release temperature, the thermal profile in
the pool, and intake structure configuration were input into the model. The
output indicated 86 percent (109 cfs) of the total discharge should come from
el 390 (port 2) and 14 percent (17 cfs) from el 352 (port 3) to yield the
desired release temperature. Since measurement of the individual discharges
through the valves was not accomplished during the field tests reported here-

in, the following formulas were used to develop rating curves for each valve:
U+ Q =y (7)
T303 + 1% = Tre1%e1® (8)

where the subscripts 3 , 2 , and rel represent flow Q and temperature T
at port 3, port 2, and release, respectively. This method is dependent upon
the thermal stratification under which the ratio of gate opening to flow is
observed. Therefore, these rating curves are accurate only under an identical
thermal stratification. These curves indicated that a valve opening of 18 deg
on valve 1 would result in approximately 17-cfs flow with the No, 2 valve
fully open. The release temperature observed (59.0° F) for a prototype test
under these same conditions (Test 45, Table 12) indicated that the model was

fairly precise in predicting flows necessary for a given release temperature,
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when the effects of density on the release distribution are known to be

minimal.

Withdrawal Angle Tests

64. The Warm Springs outlet structure is somewhat rare in that the
structure was constructed inside the north embankment of the reservoir. Not
only are the selective withdrawal ports located at different elevations, but
the inlet conduits are of varying lengths and the radius of bend of each elbow
into its respective valve also varies. This unique orientation afforded the
opportunity to compare the observed release temperature from one port with
that predicted by the SELECT model under varying withdrawal angles. The with-
drawal angle is the effective lateral dimension of withdrawal within which the
structure is capable of operating, For example, a structure in the face of a
dam might draw water laterally from only 180 deg of the structure, while a
structure located in the middle of a pool might draw water from 360 deg.

Given that the ports at Warm Springs are located in the hillside, they would
not be expected to draw water beyond 180 deg; therefore, angles of 180 deg and
smaller were tested. Flow rates through port 1 (el 430) were computed using
Equations 7 and 8, and comparisons were made between the observed release tem-—
perature from that port and the SELECT predicted release temperature for with-
drawal angles of 180, 120, 90, and 45 deg. As indicated in the following tab-
ulation, the smaller withdrawal angles resulted in better accuracy of the
predicted release temperature, Although this port is located in the face of
the hillside, the dam ties into the hillside very near the port, effectively
restricting flows. Therefore the smaller angle of 45 deg represents the best
withdrawal angle for port 1. While tests were not conducted on the other two
ports, similar conclusions could be drawn regarding the withdrawal angles for

these ports.

Port 1
Predicted Predicted Release Temperature, °F, with
Discharge Observed Release Withdrawal Angles, deg
cfs Temperature, °F 180 120 90 45
6 71.2 73.0 73.0 73.0 72.8
48 70.7 72.7 72.5 72.1 71.6
103 70.5 72.1 72,0 71.6 70.5
224 69.1 71,2 70.9 70.5 68.9
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Blending Analysis

65. The accuracy of the numerical description of single wet well blend-
ing has been found to rely largely on an accurate description of the intake
losses (Howington 1987). Initially, the wet well pressure data collected dur-
ing the hydraulic portion of the Warm Springs field study were used to deter-
mine the water-surface elevation within the wet well, a purpose for which the
data had not been intended. It was hoped that the wet well water surface
could then be used in the blending analysis to approximate the energy loss
across the uppermost open port. However, the data were found to be unusable
in the blending evaluation, The measuring devices provided pressure data that
were adequate for the hydraulic analysis, but were not accurate enocugh to
assess the water-surface elevation in the low range of discharges common to
most of the blending tests. Therefore, an alternate method of arriving at the
head losses through the ports was sought.

66. A technique to derive loss coefficients from the observed tempera-
ture data was devised. First, the blending algorithm was assumed to apply, as
is, for a small number of tests. The known information was then used to
develop head loss coefficients for the individual ports. The remaining tests
were then evaluated using these computed logs coefficients to predict flow
distribution. The blending algorithm was then used to prediet individual port
flows assuming the computed loss coefficients to be correct. Subsequentl&, -
release temperatures were computed. If the agreement between predicted and
observed release temperatures was good for the remaining tests (which were not
used to derive the loss coefficients), the assumption that the blending
algorithm was applicable would have some validity.

67. The loss coefficients associated with the ports were separated into
a "base" k coefficient and a "valve" k' coefficient. The base k coeffi-
cient'was associated with the hydraulic losses incurred through the entrance,
the elbow, the exit into the wet well, and skin friction in the intake con-
duit, The valve k coefficient was used to represent the losses associated
with the butterfly valves only.

68. First, an estimated base k coefficlent was determined for each of
the three ports. An approximate value for each base coefficlent was deter-
mined from Brater and King (1976) by summing the component loss coefficients

for entrance, elbow, exit, and friction. Test 17 (Table 12) was then chosen
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at random from the fully open valve tests to derive the total k coefficient
for the fully open butterfly valve (90'deg) condition. The release tempera—
ture and the individual port entrance temperatures were used to arrive at a
flow distribution by mass balance. This assumed no significant gain or loss
of heat within the wet well (which is generally appropriate). The upper port
(valve 1) required 23.3 cfs and the lower port (valve 3) required 44.7 cfs to
produce the observed release temperature (59.5° F) at a total release flow of
68 cfs.

69. The pretest stratification condition was integrated between the
elevations of ports 1 and 3 to yield a density potential term of 0,1185
g-ft/ml. The blending algorithm was then solved in reverse using the Test 17
data to compute the total loss coefficients. The individual port flows for
this test were known and the necessary head losses to produce these flows were
desired. Since the valve k coefficients for both intakes were assumed to be
the same (approximately 0.4 from HDC (US Army Corps of Engineers) estimates),
the only remaining unknowns within the algorithm were the base k coeffi-
cients. The approximate ratio of base k coefficients between the two open
ports was then determined from HDC estimates. This reduced the number of un-
knowns within the blending algorithm to one. The resulting coefficients were
1.8 and 1,67 for ports 1 and 3, respectively. A similar process involving
Test 36 produced a coefficient of 1.7 for the middle port (valve 2).

70. As was mentioned, the valve k coefficient should vary with but-
terfly valve setting, but not with discharge., Therefore, an analysis was per~
formed to estimate the valve k coefficient for various valve settings.

Tests 18 through 22 (Table 11) were selected for this evaluation. This repre-
sented a éingle group of tests that included a full range of gate settings, A
similar process to the one discussed previously was used to compute the coef-
ficients, The unknowns were now the valve coefficients rather than the base
coefficients. The resulting values for total k coefficients were converted
to discharge coefficients for comparison to other data on butterfly valves.
The resulting graph is shown in Plate 21. The data compared favorably with
discharge coefficient data from the design curve suggested in HDC.

71. The remaining prototype water quality tests were then evaluated
with these head loss coefficients taken as given information. The blending
algorithm was employed to produce the flow distribution between the ports for

each of the remaining tests, This flow ratio was then applied to the measured
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temperature within the ports at thermistors A2, A9, and B7 located within
ports 1, 2, and 3, respectively (Plate 4). This process resulted in a pre-
dicted release temperature from the structure. An observed release. tempera-
ture was obtained by averaging the lowest four thermistors within the wet
well. These thermistors were located well beneath the lowest water quality
port, port 3, and immediately above the wet well service gate. The predicted
release temperatures were very close to the observed release temperatures with
most deviations of less than 1° F (Plate 22).

72. Several assumptions were made in this evaluation. The total struc-
ture discharge was assumed to be related only to the service gate setting.
This is obviously not completely frue in that the wet well water surface,
which drives the flow through the service gate, is dependent on the butterfly
valve settings. However, for the range of tests conducted, this assumption
should not cause significant errors. The k coefficients, which were each
derived on the basis of one test per valve setting, were assumed to apply for.
every other test with that particular valve setting at that port. It was
initially assumed that the blending theory was applicable at this structure to
derive the coefficients. The temperature profile, and thereby the density
potential energy terms, were assumed constant during the testing period. The
posttesting vertical temperature profile was somewhat different in the
epilimnetic region due to wind mixing; however, this impact on the density

potential energy terms would have been minimal.
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PART V: CONCLUSIONS AND RECOMMENDATIONS

73. The following conclusions and determinations result from literature

review, field observations, and analysis of the Warm Springs prototype data:

a.

|o*

[=8

The air demand in the l4-in.-diam low-flow air vent agreed with
findings of prior field tests in the occurrence of a peak air
flow (78 cfs) at a small gate opening (5 percent) and again at
a larger gate opening (90 percent).

Discharge rating curves were derived from the piezometric pres-
sure data collected from each of the low-flow intakes and the
wet well transition zone elbow., However, this does not imply
that a precise calibration of the outlet works has been estab-
lished. The scope of work described in the test program was
not originally intended to provide a calibrated discharge sys-
tem but to evaluate the use of the elbow piezometers in the
intakes as discharge measuring devices. It is recommended that
a more complete and detailed discharge calibration of the sys-~
tem be performed with instrumentation that could be permanently
installed with provisions made for continuous display of the
data at the operator control location.

Wet well water-surface elevations recorded for each test indi-
cated that large surges of the water surface (maximum 6.14 ft)
occur during single-butterfly-valve operations in which unsub-
merged flow conditions exist, Single~butterfly-valve opera-
tions involving large QC gate settings and small butterfly
valve openings were found to generate the unsubmerged flow con-
ditions. The operation of two butterfly valves at identical
small openings was found to produce unsubmerged flow conditions
at certain large QC gate settings. Two~butterfly- valve opera-
tions in which one valve remained fully open and the other
valve was set to various openings did not generate any unsub-
merged flow conditions for any of the QC gate openings tested.
These same results were found to apply to the tests in which
all three butterfly valves were operated where two valves
remained fully open and one valve was set to various openings.
The unsubmerged flow conditions experienced in the testing were
found to be the underlying cause of the extreme values cohserved
in the other measurements recorded. Operation under these
conditions is not recommended for long-term releases.

Operations of a single butterfly valve in an unsubmerged flow
condition were found to produce the most turbulent pressure
conditions on the butterfly valve leaf. These turbulent condi-
tions resulted in the lowest pressure (~17.82 ft) recorded in
the valve area. Operation of a butterfly valve under these
conditions 1s not recommended for long-term releases. Two-
butterfly-valve operations in an unsubmerged flow condition
resulted in a low pressure in the valve area of -1.426 ft, ©¥No
negative pressures were recorded during the operations
involving all three butterfly valves.

39



=

The measured strain values of the butterfly valve shaft for the
flow conditions tested did not reveal any significant amount of
torque being exerted on the shaft. This is verified also by
the acceleration data, which revealed very little movement of
the valve leaf resulting from the flow conditions.

No cavitation conditions were found to occur for the wvalve
operations tested. However, the potential for its occurrence
is greatly increased when the butterfly valves are operated in
an unsubmerged condition resulting from partial valve openings.
The turbulence created under these conditions was found to be
severe enough to overrange several pressure transducers.
Long—term operation under these conditions is not recommended
unless required under emergency cases.

Water quality prototype tests were conducted at Warm Springs
Dam to investigate stratified flow and thermal (density) block-
age within the wet well and to evaluate methods to predict
simultaneous multiple-level port operation to achieve a given
release temperature. The prototype tests showed that strati-
fied flow within the wet well does not occur, even under the
lowest flow conditions (28 cfs). A comparison was made between
the water temperature from the water quality sample manifold
located in the wet well and the thermal profile in the reser-
voir. Results indicate that some difference in temperature
between the sample manifold and the reservoir profile occurs,
and it is recommended that further study be made of this system
to determine the exact cause of the differences.

The multiple-port operation tests confirmed that density block-
age did occur at the lowest flow condition (28 cfs). However,
it was easily overcome by throttling operations of the port
valves. Application of the blending algorithm developed from
research at WES to the Warm Springs tests indicated that the
algorithm satisfactorily predicted release temperatures for
multilevel port operations. Selective withdrawal predictive
techniques (SELECT), although not coupled with the blending
algorithm, proved to be accurate in predicting release flows
necessary from two ports to achieve a given release temperature
for cases where density has little effect on the flow distribu-—
tion. Withdrawal angle tests further indicated that adjustment
to the SELECT model for withdrawal angles at Warm Springs would
improve the predictive techniques. Since these results demon-
strate the utility of the blending algorithm and the SELECT
model in predicting release temperatures, it is recommended
that these two components be combined to provide an operational
model for Warm Springs Dam. This model would take into account
the effects of density on the flow distribution between ports
and the impacts of local topography on the withdrawal zone.
When coupled, the model would, for a given reservoir thermal
structure, release quantity and objective, and set of head loss
coefficients, predict which ports should be operated (including
partial valve openings) to meet the given release temperature
objective.
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Table 1

Instrumentation
Instrument
Name Type Range Location Parameter Measured
IFl CEC 4-312 50 psia Intake No. 2 Static piezometric pressure
manifold in intake conduit
Ip2 Intake No. 2 Static piezometric pressure
manifold in intake conduit
IP3 Intake No. 2 Static plezometric pressure
manifold in intake conduit
IP4 Intake No, 2 Static piezometric pressure
manifold in intake conduit
PR1 Wet well at Absolute preésure in wet
1 el 400.0 well
PR2 100 psia Wet well at
el 387.5
PR3 100 psia Wet well at
el 360.0
PR4 100 psia Wet well at
el 292.0
PR5 50 psia D.S. of QC gate
el 233.0
(236.0 Plate 1) A\l
PV3 100 psia D.S. valve 2 ‘Absolute pressure in valve
el 391.0 area :
PV9 50 psia D.S. valve 2
el 391.0
PV6 D.S. valve 2
el 388.4
PV12 D,S. valve 2
el 393.5
PB1 D.S. valve 2
el 388.4
PB2 D.S. valve 2 :
\ el 388.4 \
TP8 100 psia Transition zome Absolute pressure in
elbow, el 241.5 transition elbow
TP9 100 psia Transition zome Absolute pressure in
elbow, el 241,5 transition elbow
Pl 4 50 psia Butterfly valve Absolute pressure on valve

leaf el 393.0

{Continued)

leaf



Table 1 (Concluded)

Instrument
Name Type Range Location Parameter Measured
P2 CEC 4-312 50 psia  Butterfly valve Absolute pressure on valve
leaf el 391.0 leaf
P3 50 psla Butterfly wvalve Absolute pressure on valve
leaf el 391.0 leaf
P4 50 psia  Butterfly valve Absolute pressure on valve
leaf el 391.0 leaf
P5 50 psia  Butterfly valve Absolute pressure on valve
' leaf el 389.0 leaf
IP5 Validyne *0.5 psid Intake No., 2 Elbow plezometer
DP 15-22 manifold differential pressure
IP6 Validyne +0.5 psid Intake No. 3 Elbow piezometer
DP 15-22 manifold differential pressure
ir7 Validyne #0.5 psid Intake No. 1 Elbow piezometer
bP 15-22 manifold differential pressure
DP1 Validyne 20.5 psid l4-in.-diam Alr vent differential
DP 15-22 air vent pressure
Al Sundstrand 20 g Butterfly valve Vibrations of valve leaf
QA1100 leaf
A2 Sundstrand 20 g Butterfly valve Vibrations of valve leaf
QA1100 leaf
El Micro - Butterfly valve Butterfly valve shaft strain

shaft




Table 2

Test Conditions

QC

Gate
Test Opening Butterfly Valve Opening,* deg
No. percent Valve No, 1 Valve No, 2 Valve No, 3
Al-A 10 0 0 15
Al-B 20 ' 15
Al-C 30 15
A2-A 10 30
A2-B 20
A2-C 30
A2-D 40
A2-E 50
AZ2-F 60
A2~G 70 Y
A3-A 10 . 45
A3-B 20
A3-C 30
A3-D 40
A3-E 50
A3-F 60
A3-G 70
A3-H 80
A3-T 90 1 i
E7-A 10 90 | : 90
E7-B 20 90
E7-C 30 90
E7-E 50 90
WQAL-A 5 90
WQAl-G 30
WQAl-H 20
WQAlL-T 10 Y
wQDn1-D 90 10
E5-B 70 70
E3-B 45 45
E1-B ] 15 . 15
WQAS5-T 10 90 \ 90

(Continued)

*# 0 = Valve closed during test.
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Table 2 (Continued)

QC
Gate

Test Opening Butterfly Valve Opening,* deg

No. . . percent Valve No. 1 Valve No. 2 Valve No, 3

WQDh2-A 10 90 0 60

WQD2~B 90 45
" WQD2-C 90 30

WQD2-D 90 - 15

E5-D 70 70

E3-D l‘ 45 45

E1l-D / 15 : 15

WQD3-A 20 90 60

WQD3-B 90 45

WQD3-C 90 30

WQD3-D 90 15

E5-F 70 70

E3-F _ 45 45

El-F Y 20 20

WQD4-A 50 90 ' 60

WQD4-C 90 30

E5-H 70 70

E3-H 45 45

E2-H v 15 ' 1 15

WQB1-A 5 90 90 0

WQB1-D 5 60

WQBl-G 5 30

WQB5-A 10 | 90

WQB5-D 10 60

WQB5-G 10 30

WQB7-A 20 : 90

WOB7-D 20 60

WQB7-G 20 30

WQB9-A 50 90

WQB9~D 60

WQB9-G Y 30

D5-H 70 70

D3-E 45 _ 45

D2-H 30 30 |

(Continued)
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Table 2 (Continued)

Qc

Gate o
Test Opening Butterfly Valve Opening,* deg
No, : percent Valve No. 1 Valve No. 2 Valve No, 3
WQC-1 5 90 - 0
.D7-B 90 90 90
D5-B 70 ' 70 70
b3-B 45 45 45
D1-B 15 ' 15 15
F7-B 0 90 90
F5-B 0 70 70
F3-B 0 45 45
F1-B Y 0 : 15 15
D7-D 10 90 90 0
D5-D 70 70 0
D3-D ' 45 45 ' 0.
D1-D i5 15 0
F7-D 0 90 90
F5-D 0 70 70
F3-D 0 45 45
F1-D : \j 0 15 15
D7-F 20 90 ‘ 20 0
D5~F 70 70 0
D3~F ‘ 45 45 0
D1-F 15 15 0
F7-F 0 90 90
F5-F 70 70
F3-F 45 45
F1-F / 15 ' 15
F7-H 50 90 90
F5-H 50 70 70
F3-H 50 45 45
F1-H 50 _ . 15 15
b7-J 70 90 90 0
D5-J 70 70 - '
D3-J ' 45 45
D2-J 60 60
D1-J 50 50
DO-J 45 45

(Continued)
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Table 2 (Continued)

Test
No.

E7-J
E5-J
E3-J
E2-J
El-J

F7-J
F6-J
F5-J
F4-J
F3-J
F2-3

B7-A
Bi-A

B7-B
B2-B
Bl1-B

B7-C
B3-~C
B2-C
BEl1-C

B7-E
B4~E
B3-E
B2-E

B7-B
B2-B

Bl1-B

B7-C
B3-C
B2-C
B1-C

B7-E
B4-E
B3-E
B2-E

QcC
Gate
Opening
percent
70

woLa

10
10
10

20
20
20
20

50
50
50
50

i0
10

20
20
20
20

50
50
50
50

Butterfly Valve Opening,* deg

Valve No. 1

90
70
60
50
45

0

(Continued)

0

90
70
60
50
45
30

90
15

90
30
15

90
45
30
15

90
60
45
30

90
30
15

90
45
30
15

90
60
45
30

2

Valve No.

Valve No., 3

90
70
60
50
45

90
70
60
50
45
30

0
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Table 2 (Concluded)

Qc
Gate
Test Opening Butterfly Valve Opening,¥* deg
No. percent Valve No. 1 - Valve No. 2 Valve No., 3
B7-G 70 : 0 90 0o
B4—G 70
B3-G ' . 60
B2-G 50
Bl1-G : 45
Gi-1 10 920 90 90
Gl1-G ' 10 90 70 90
G1-D 10 90 45 90
Gl-A 10 90 15 90
WQST-1 20 18 : 90 0
G2-1 ‘ - 90 : 90 90
G2-G - _ 70 -
G2~D 45
G2-A 15
G3~1 50 90
G3-G 50 70
G3-D 50 45
G3-A 50 | 15 Y
G4-1 70 90 . 90 90
G4=G 70 90 70 20
G4-D 70 - 90 45 90
G4~A 70 30 i5 - 90
A5-A 10 - 70 0 o
A3-A 45 0
Al-A 15 0
C7-A 0 %0
C5-A 0 70
C3-A 0 45
Ci-A \ 0 15
A5-B 20 70 0
A3-B 45 ' 0
Al-B 15 _ 0
C7-B 0 90
C5-B 0 70
C3-B 0 45
Ci-B ¥ 0 1 15
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Table 3

Alr Discharge Data

QcC
Gate

percent
5

10

20

50

70

10

20

10

20

20

Single Valve Operating

Valve
NO.

2

Valve
Opening

deg

90
15

90
30
15

90
45
30
15

90
60
45
30

90
70
60
50
45

70
45
15

70
45
i5

90
70
45
30
15

70
45
15

90
70
45,
15

Multiple Valves Operating

Air
Flow Valve
cfs No.

77
76

60
59
58

43
41
38

29

31
34
29
26

17
12
17
0
0

52
53
50

49
46
20

60
54
52
21
52

49
46
20

49
46
43
27

{Continued)

Valve Air
Openings Flow
deg cfs
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Table 3 (Continued)

Single Valve Operating Multiple Valves Operating
QC ] Valye ' Air Valve. . CAir
Gate Valve . Opening Flow Valve Openings Flow
percent No. deg cfs No. deg cfs
10 3 15 17 '
20 29
30 0
10 3 30 21
20 38
30 : 17
40 12
50 12
60 0
70 0
10 3 45 52
20 42
30 24
40 21
50 12
60 12
70 24
80 24
.~ 90 46
5 1,3 90/90 77
30/90 78
20/90 77
10/90 78
90/15 76
70/70 79
45/45 77
15/15 75
10 1,3 10/90 29
90/60 29
90/45 29
90/30 29
90/15 31
70/70 31
45/45 31
15/15 29
(Continued)
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Table 3 {Continued)

Single Valve Qperating Multiple Valves QOperating
QC Valve . Alr Valve Air
Gate Valve Opening Flow Valve Openings Flow
percent No. deg cfs No. deg cfs

20 _ - 1,3 90/60 41

90/45 41

90/30 41

90/15 41

70/70 43

45/45 41

20/20 36

50 1,3 90/60 29

90/30 31

70/70 31

45/45 29

30/30 26

5 1,2 90/90 78

90/60 80

90/30 78

10 1,2 90/90 27

20/60 27

90/30 27

20 1,2 90/90 41

90/60 41

90/30 41

50 1,2 90/90 29

90/60 26

90/30 29

70/70 26

45/45 26

30/30 26

5 1,2 90/90 66

' 70/70 68

45/45 67

15/15 65

5 2,3 90/90 70

70/90 69

45/45 68

15/15 68

10 1,2 90/90 58

70/90 57

45/45 56

15/15 56

(Continued)
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Table 3 (Continued)

Single Valve Operating Multiple Valves Operating
QC Valve Air Valve Alr
Gate Valve Opening Flow " Valve Openings Flow
percent No. deg cfs " No. deg cfs

10 2,3 90/90 - 56

70/70 56

45/45 57

15/15 56

20 1,2 90/90 44

18/90 46

70/70 44

45745 39

15/15 38

20 2,3 90/90 41

70/70 41

45/45 41

15/15 36

50 2,3 90/90 31

70/70 31

45/45 29

15/15 17

70 1,2 90/90 17

70/70 17

45/45 0

60/60 17

50/50 17

45745 12

70 ' 1,3 90/90 17

70/70 17

60/60 17

50/50 12

45/45 17

70 2,3 90/90 17

70/70 17

60/60 17

50/50 17

45/45 17

30/30 17

10 _ 1,2,3 90/90/90 34

90/70/90 34

90/45/90 34

90/15/90 34

{Continued)
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Table 3 (Concluded)

: Single Valve Operating Multiple Valves Operating
QC - Valve Air Valve Air
Gate Valve Opening Flow Valve Openings Flow
percent No. deg cfs No, deg cfs

20 1,2,3 90/90/90 44

90/70/90 43

90/45/90 41

90/15/90 44

50 : 1,2,3 90/90/90 31

90/70/90 34

90/45/90 31

90/15/90 34

70 1,2,3 90/90/90 24

: 90/70/90 20

90/45/90 20

90/15/90 24
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Table &

Elbow Meter Data

Butterfly Valve

Butterfly Valve

Butterfly Valve

No, 1 No, 2 No. 3
qc Elbow Elbow Elbow Transition
Gate Valve Meter Valve Meter Valve " Meter Elbow

Test Opening Opening Discharge Opening Discharge Opening Discharge Discharge

¥o. percent deg cfs deg cfs deg cfs cfs
Al-A 10 0 0 ¢ 0 15 57 -—*
Al-B 20 15 79 —=%
Al-C 30 15 80 —-—*
A2-A 10 30 65 —%
A2-B 20 98 —=
A2~C 30 145 -k
A2-D 40 125 130
A2-E 50 150 185
A2-F 60 200 200
A2-G 70 200 205
A3-A 10 45 76 ——
A3-B 20 110 ik
A3-C 30 170 —
A3-D 40 175 160
A3-E 50 ——tkk 220
A3-F 60 - 270
A3~G 70 —=kk 325
A3-H 80 ——k 350
A3-1 90 F =k 365
E7-4A 10 90 47 90 13 ——*
E7-B 20 90 63 62 125
E7-C a0 90 90 a0 180
E7-E 50 90 150 165 315
WOAL-A 5 90 24 10 —
WQAL-G 5 30 24 12 -
WQAl-H 5 20 24 12 ——k
WQAI-T 5 10 24 1 12 —%
WQD1-D 5 90 25 10 0 ——%
E5-B 5 70 24 70 12 B
E3-B 5 45 24 45 12 -
El1-B 5 15 34 15 0] ——%
WQAS-I 10 9 28 90 39 -
WoD2-A 43 60 21 —_—
WQD2-B 50 45 13 —ak
Wop2-C 60 30 0 —k
WQD2-D 68 15 0 -
E5-D 70 114 70 - 23 —
E3-D 45 45 45 19 -—*
E1-D \ 15 48 15 17 —k

(Continued)

Note: 0 = valve closed during test.

* Data not measurable; beyond lower range of pressure transducer.
*% Data not measurable; beyond upper range of pressure transducer,
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Table 4 (Continued)

Butterfly Valve

Butterfly Valve

Butterfly Valve

No, 1 No, 2 No. 3
Qc Elbow Elbow Elbow Transition
Gate Valve Meter Valve Meter Valve Mater Elbow

Test  Opening Opening Discharge Opening Discharge Opening Discharge Discharge

No, percent _ deg cfs deg cfs deg cfs _cfs
WQD3-4A 20 90 80 0 0 60 48 128
WQn3~B 90 92 45 36 128
WQD3-C 90 105 30 21 120
WGD3-D 90 120 15 10 130
ES-F 70 72 70 55 125
E3-F 45 77 45 50 125
El-F 1 20 77 20 45 125
WQD4-A 50 90 120 60 160 280
WQD4-C 90 200 30 80 280
E5-H 70 160 70 120 280
E3-H 45 165 45 105 270
E2-H 15 90 1 15 110 200
WQBl-A 5 90 35 90 27 0] 0 -
WQB1-D 5 38 60 32 -—%
WQBl-G 5 38 30 34 —-—%
WQB5-A 10 45 90 55 85
WQB5-D 10 50 60 52 -k
WQB5-G 10 65 30 30 ——%
WQB7-A 20 55 90 85 140
WQB7-D 20 60 60 80 140
WQB7-G 20 110 30 50 160
WQB9-A 50 155 90 150 300
WQB9-D 70 60 140 310
WQB9-G 4 220 30 90 310
D5~-H 70 145 70 155 310
D3-H 45 150 45 150 310
D2-H 30 100 30 150 250
wQc-1 5 90 36 0 0 -
D7-B 90 24 90 38 -
D5-B 70 24 70 38 —%
b3-B &5 24 45 38 ——%
D1-B 15 26 15 34 F ——
F7-B 0 0 90 40 90 -
F5-B 0 0 70 40 70 ——*
F3-B 0 o 45 38 45 -
F1-B o 0 15 34 15 6 -k
D7-D 10 920 47 9Q 60 0 0 -=%
n5-D 10 70 47 70 60 0 0 —%
D3-D 16 45 47 45 60 0 0 e
D1-D 10 15 47 15 60 0 0 ——*

(Continued)

* Data not measurable; beyond lower range of pressure transducer,
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Table 4 (Continued)

Butterfly Valve Butterfly Valve Butterfly Valve
No, 1 No, 2 No. 3
Qc Elbow Elbow Elbow Transition
Gate Valve Meter Valve Meter Valve Meter - Elbow

Test Opening Opening Discharge Opening Discharge Opening Discharge Discharge

No. percent deg cfs deg cfs deg cfs cfs
F7-D 10 0 V] 90 60 : 90 17 -k
F5-D 10 0 ¢ 70 54 70 19 ——*
F3-D 10 0 0 45 52 45 21 -
Fl-D 10 0 0 15 52 15 ‘ 17 -k
D7-F 20 90 60 90 90 0 0 150
D5-F 70 74 70 90 0 ¢ 160
D3-F 45 65 45 90 0 0 100
D1-F i5 64 15 90 0 0 100
F7-F 0 0 90 80 90 45 125
F5-F 70 80 70 45 125
F3-F J 45 80 45 45 125
F1-¥ ' 15 80 15 45 125
F7-H 50 90 135 90 115 250
F5-H 50 70 135 70 115 250
F3-H 50 45 120 45 120 240
F1-H 50 \ 15 110 i5 80 170
D7-J 70 920 ——dk 90 -k 0 0 390
D5-J 70 —=k% 70 ——kk : 390
D3-J 45 -tk 45 —mkk 340
D2-J 60 ——kk 60 —dek 380
D1-J 50 ——k* 50 il 360
D0O-J 45 - 45 -k 350
E7-J 90 -tk 0 o 90 -k 380
E5-J 70 -k 0 0 70 -—%% 380
E3-3 60 ——%k& 0 0 60 —=kd 375
E2-J 50 -~k 0 0 50 ——%%* 370
El~J 45 -—tk 0 0 45 ——%% 350
F7-J 0 o 90 ——k% 20 ——k% 370
F6-J - 70 e 70 ——k% 370
F5-3 60 ——kk 60 ——k 370
F4-J ' 50 ——tk 50 - 360
F3-J 45 —dk 45 —utk 350
F2-J 30 D i 30 ——kk 300
B7-A 5 90 53 0 0 -
Bl-A 5 15 50 -—%
B7-B 10 90 80 —*
B2-B 10 30 80 ——%
B1-B 10 15 78 ——
B7-C 20 90 127 130
B3~C 20 45 125 : . 130
B2-C 20 30 125 130
B1~C 20 S 15 127 1 . 130
' "(Continued)

* Data not measurable; beyond lower range of pressure transducer.
**% Data not measurable; beyond upper range of pressure transducer. .
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Table 4 (Concluded)

Butterfly Valve Butterfly Valve Butterfly Valve
No. 1 No. 2 No. 3
Qe Elbow Elbow Elbow Transition
Gate Valve Meter Valve Meter Valve Meter Elbow

Test Opening Opening Discharge Opening Discharge Opening Discharge Discharge

No. percent deg cfs deg cfs deg cfs cfs
B7-E 50 0 0 90 etk 0 0 310
B4-E 50 60 —kk 300
B3-E 50 45 =k 285
B2-E 50 30 -k 245
B7-G 70 90 —di 425
B4-G 70 ' 70 ——kk 415
B3-G 70 60 ——*k¥% 400
B2-G 70 50 ——tk 365
Bl-G 70 1 J 45 -tk 335
Gl-T1 10 90 23 90 38 90 12 ——%
Gl-G 10 90 23 70 38 20 12 -k
G1-D 10 90 26 45 40 90 15 -k
Gl~-A 10 90 32 15 0 90 22 —%
wQsT-1 20 18 23 920 117 0 0 150
G2-I 20 90 45 90 59 90 36 150
G2-G 20 90 45 70 59 90 36 150
G2-D 20 90 53 45 49 90 38 150
G2-A 20 90 66 15 27 90 47 150
G3-1 50 90 98 g0 107 90 110 315
G3-G 50 90 98 70 107 90 110 315
G3-D 50 90 125 45 75 90 115 315
G3-A 50 90 140 15 35 90 140 315
G4-1 70 90 125 90 180 90 175 430
G4=G 70 90 130 70 175 90 175 430
G4~D 70 90 155 45 130 90 195 430
G4-A 70 90 175 15 85 90 220 430
AS=-A 10 70 76 0 0 0 0 ——
A3=-A 10 45 76 0 0 -k
Al-A 10 15 60 0 0 ——*
C7-A 10 0 0 90 56 ok
C5-4A 10 0 0 70 56 -
C3-4 10 0 0 45 56 ——*
Cl-A 10 0 0 15 49 -
A5-B 20 70 130 0 0 150
A3-B 20 45 130 0 0 150
Al-B 20 15 56 0 0 150
C7-B 20 0 0 90 110 160
C5-B 20 0 0 70 110 160
C3-B 20 0 0 45 105 160
Cl-B 20 0 0 1 15 70 135

* Data not measurable; beyond lower range of pressure transducer.

** Data not measurable; beyond upper range of pressure transducer.
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Table 5

Wet Well Water-Surface Elevations

Qc
Gate Butterfly Valve Opening, deg Water- _
Test Opening Valve Valve Valve =  Surface Discharge
No. percent No. 1 No. 2 No. 3 Elevation cfs
Al-A 10 0 0 15 403.35 57
Al-B 20 15 370.80 79
Al-C 30 15% 325.65 80
A2-A 10 30 435.4 65
A2-B 20 30 426,40 98
A2-C 30 30 409.85 145
A2-D 40 30 386.75 130
A2-E 50 30 362,25 195
A2-F 60 30#% 343.55 200
A2—G 70 30% 328.35 205
A3-A 10 45 441,10 76
A3-B 20 45 438,25 110
A3-C 30 45 432.70 170
A3-D 40 45 423,60 160
A3-E 50 45 413,20 220
A3-F 60 45 397.90 270
A3-G 70 45 381.70 325
A3-H 80 45, 362.45 350
A3-1 90 Y 45% 338.80 365
E7-A 10 90 90 445,90 63
E7-B 20 90 90 445,00 125
E7-C 30 90 90 444,50 180
E7-E 50 90 90 443,10 315
WQAl-A 5 90 20 446,05 36
WQAl-G 5 30 g0 445.20 36
WQALl-H 5 20 90 445,20 36
WQAL-I 5 10 90 445,20 36
WQD1-D 5 90 10 445,20 35
E5-B 5 70 70 445,20 36
E3-B 5 45 45 445,10 36
E1-B 5 15 15 445,10 34
WQAS-T 10 90 / 90 444,80 67
(Continued)
Note: 0 = Valve closed during test.

*

Butterfly valve operating in partially submerged or unsubmerged

condition.
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Table 5 (Continued)

QC
Gate Butterfly Valve Opening, deg Water-

Test Opening Valve Valve Valve Surface Discharge

No., percent No. 1 No, 2 No. 3 Elevation cfs
WQD2-~-A 10 90 0 60 444,90 64
WQD2-B 10 90 45 444,80 63
WQD2-C 10 20 30 444,70 60
WQD2-D 10 90 15 444,65 68
E5-D 10 70 70 445,00 63
E3-D 10 45 45 444,65 64
El-D 10 15 15 438,30 65
WQD3~A 20 90 60 444,55 128
WQD3-B 20 90 _ 45 444,30 128
WQD3~C 20 90 30 444,00 126
WQD3~-D 20 90 15 443 .35 130
E5-F 20 70 70 444,72 85
E3-F 20 45 45 443.35 85
El-F 20 20% 20 431,10 70
WQD4-A 50 90 60 442,20 280
WQD4-C 50 20 30 438.30 280
E5-H 50 70 70 442,60 280
E3-H 50 : 45 45 435,20 265
EZ-H 50 15% J 15 405,70 200
WQB1-A 5 90 90 0 446,10 62
WQB1-D 5 90 60 445,00 30
WQB1-G 5 90 30 444,90 27
WQB5-A 10 90 90 444,90 66
WQBS5-D 10 90 60 444,80 100
WQB5-G 10 90 30 444,70 101
WQB7-A 20 90 90 444,55 125
WQB7-D 20 90 60 444,55 125
WQB7-G 20 90 30 444,00 150
WQB9-A 50 %0 90 442,70 310
WQB9-D 50 90 60 442,10 310
WQB9-G 50 90 30 438.95 300
D5-H 50 70 70 442,35 310
b3-H 50 45 45 435,20 310
D2-H 50 30% 30 ! 397,90 250

{Continued)

* Butterfly valve operating in partially submerged or unsubmerged conditiom.
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Table 5 (Continued)

Qc
Gate Butterfly Valve Opening, deg Water-
Test. Opening Valve Valve Valve Surface Discharge
No. percent No. 1 No. 2 No. 3 Elevation cfs
WQc-1 5 90 0 0 445,80 36
D7-B 5 90 90 445,30 62
D5-B 5 70 70 445.30 62
D3-B 5 ' 45 45 445,20 62
D1-B 5 15 15 444,00 60
F7-B 5 0 90 90 444,82 40
F5-B 5 0 70 70 445,10 40
F3-B 5 0 45 45 445,10 38
F1-B 5 0 15 15 443,80 40
D7-D 10 90 90 0 445,55 107
D5-D 10 70 70 0 445,35 107
D3-D 10 45 45 0 445.00 107
D1-D 10 - 15 15 0 439.90 107
F7-D 10 0 90 90 444,90 77
F5-D 10 0 70 70 445,30 73
F3-D 10 0 45 45 445,00 73
F1-D 10 0 15 15 439.90 69
D7-F 20 20 50 0 444,90 164
D5-F 20 70 70 0 444,80 164
D3-F 20 45 45 0 443,75 155
D1-F 20 15% 15 0 425.50 154
F7-F 20 0 90 90 544,75 128
¥5-F 20 70 70 444,75 131
F3-f 20 45 45 443,90 130
Fi-F 20 15 15 425,70 130
F7-H 50 90 90 443,90 250
F5-H 50 70 70 443.75 250
F3-H 50 45 45 436,80 2590
Fl1-H 50 \j 15% 15 357.90 170
D7-J 70 90 90 0 440.45 390
D5-3 70 70 70 : 439.90 390
D3-3 70 45 45 420.50 340
D2-J 70 60 60 437.25 380
D1-J 70 50* 50 431,00 360
DO~-J 70 45% 45 424,10 350
(Continued)

% Butterfly valve operating in partially submerged or unsubmerged condition.
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Table 5 (Continued)

QcC
Gate Butterfly Valve Opening, deg Water-
Test Opening Valve Valve Valve Surface Discharge
No. percent No, 1 No. 2 No. 3 Elevation cfs
E7~J 70 90 0 a0 440.45 380
E5-J 70 70 70 440,00 380
E3-J 70 60 60 437.90 375
E2-J 70 50% 50 432,20 370
El-J 70 45% 45 425,45 350
F7-J 70 0 90 90 442,10 370
F6-J 70 . 70 70 441,45 370
F5-J 70 60 60 439,00 370
F4-J 70 50 50 433,25 360
F3-J 70 45 45 428,00 . 350
¥2~J 70 30 30 401.05 300
B7-A 5 a0 0 445,65 53
Bl-A 5 15 442,20 50
B7-B 10 90 . 445,45 80
B2-B 10 30 440,90 80
B1-B . 10 15 430,70 78
B7-C 20 90 444,40 130
B3-C 20 45 439,80 130
B2-C 20 30 428,55 130
B1-C 20 15% 388,35 130
B7-E 50 90 438,00 310
B4-E 50 60 429,40 300
B3-E 50 45 409,85 285
B2-E 50 30% 355.30 245
B7-G 70 90 430.30 425
B4-G 70 : 70 426,00 415
B3-G 70 60 413.80 400
B2-G 70 { 50% 390,80 365
B1-G 70 ’ 45% J 372.80 335
Gl-T 10 90 920 90 446,30 73
G1-G 10 - 90 70 90 445,90 73
G1-D 10 90 45 90 445.70 81
Gl-A - 10 90 15 90 445,40 34
WQST-1 20 18 90 0 444,10 150
{Continued)

* Butterfly valve operating in partially submerged or unsubmerged condition.
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Table 5 (Concluded)

Test

No.

G2-1
G2-G
G2-D
G2-A

G3-1
G3~-G
G3-D
G3-A

G4-T
G4~-G
G4-D
G4=-A

A5-A
A3-A
Al-A

Ci—A
C5-A
C3-A
Cl-A

A5-B

A3-B

Al-B

G7-B
C5-B
C3-B
Cl-B

QC
Gate Butterfly Valve Opening, deg Water—
Opening Valve Valve Valve Surface
percent No, 1 No, 2 No. 3 Elevation
20 90 90 90 445,15
20 90 70 90 445,10
20 90 45 90 445,00
20 90 15 90 444,80
50 920 90 90 444,40
50 90 70 90 444,35
50 20 45 90 444,50
50 20 15 90 443,55
70 90 90 90 443,85
70 90 70 90 443,60
70 . 90 45 90 442,80
70 90 15 90 441,60
10 70 0 0 446.00
10 45 0 444.00
10 15% 0 425,65
10 0 90 444,80
10 0 70 444,90
10 0 45 443,60
10 0 15 424,50
20 70 0 443,60
20 45 0 438.45
20 15% 0 338,20
20 0 90 443,90
20 0 70 443,90
20 0 45 438,50
20 0 1 15 376,00

Discharge
cfs

150
150
150
150

315
315
315
315

430
430
430
430

76
76
60

56
56
56
49

150
150
150

160
160
160
135

* Butterfly valve operating in pértially submerged or unsubmerged condition.
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Table 6

Valve. Leaf Pressures

Test Pressure, ft
No. Transducer Mean Maximum Minimum
WQB1-A PV3 54.613 55,736 52.928
PV6 56.680 57.091 55,960
PV9 54,322 54.991 53,653
PV12 51.683 52,506 50.861
P1 52,385 53.007 51.556
P2 54.800 55.463 54.042
P3 54,706 55.648 53,952
P4 54.800 55.657 54.157
P5 56.343 57.166 55,703
PB1 56.973 57.782 55.817
PE2 56.969 57.671 56.181
WQB1-D PV3 54.613 55,923 53.115
PV6 56,783 57.400 56.063
PV9 54,513 55.182 53.749
PV12 51.889 52,711 50.964
Pl 51.349 52,178 50.312
P2 54,421 54,989 53.664
P3 54.706 55.553 53.952
P4 54,800 55,657 54.050
P5 57.348 58.171 56,617
PB1 56,973 57.782 55.933
PB2 57.057 57.671 56.268
WQB1-G PV3 54,800 55.923 53.115
PV6 56.783 57.400 56,063
PV9 54.418 55.182 53.749
PV12 51.786 52.608 51.066
Pl 50,209 51.142 49,483
P2 53.948 54,516 53.096
P3 54,612 55.365 53.858
P4 54,693 55.443 53.836
P5 57.714 58.445 56.983
PB1 56,973 58.014 55.933
PB2 56,969 57.671 56.356
WQB5-A PV3 54,613 55.923 51,992
PV6 56.680 57.606 55,754
pVvV9 54.418 55.278 53.462
PV12 51.889 52.711 50,758
Pl 52.178 53.318 51.349
P2 54,800 55.842 53.853
B3 54.800 55.930 53.858
P4 54,907 56.085 54.050
P5 56.526 57.623 55.612
PBl 56.858 58.361 54,892
PBR2 56.969 57.671 56.093
{Continued)
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Table 6 (Continued)

Test Pressure, ft
No. Transducer Mean Maximum Minimum

WQB5-D PV3 54,426 55,923 52.741
PVé6 56.577 57.297 55.754

PV9 54,227 55.182 53.271

PV12 51.683 52.608 50.655

Pl 50.934 51.867 49,794

P2 54.137 54.895 53.285

P3 54,612 55.742 53.764

P4 54.586 55.657 53.622

P5 57.074 58.080 56.343

PR1 56,742 58.361 54,661

PB2 56,794 57.583 55.918

WQB5-G PV3 54,426 55.736 52.928
PV6 56.474 57.297 55.651

PV9 54.131 55.182 53.175

PV12 51.580 52,506 50.655

Pl 50.416 51.556 49,483

P2 53.664 54.516 52.433

. P3 54,423 55,365 53,293

P4 54,372 55,121 53.408

P5 57.440 58.445 56.617

PB1 56,511 58,245 54,892

- PB2 56,619 57.583 55.743

WQB7-A PV3 54.051 56.110 51.431
PV6 56,268 57.503 54 .828

PV9 54,035 55.373 52.698

PV12 51,375 52.711 49,833

Pl 52,074 53.422 50.831

P2 54,421 55.652 53.001

P3 54,612 56.024 53.387

P4 54.693 56.085 53.408

P5 56.160 57.531 54.698

PB1 56.164 58,245 54,430

PER2 56.444 57.758 55.305

WQB7-D PV3 53.490 55.174 51.618
PV6 55.857 56.989 54,314

PVY 53.462 54.800 '51.933

PV12 51.169 52.506 - 49.627

Pl 50.416 52.074 48.861

P2 53,096 54.800 51.581

P3 53.764 55.271 52.351

P4 53.729 55.335 52,230

P5 56.252 57.988 54.698

PB1 55.701 57.436 53.967

PR2 : 55.918 57.145 54,341

{Continued)
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Table 6 (Continued)

Test Pressure, ft
No. Transducer Mean Maximum Minimum
WQB7-G PV3 52,928 54,800 51.243
PV6 55.343 56.577 53,903
PV9 52.889 54.035 51.455
PV1i2 50.450 51,683 49,010
Pl 49,276 50.831 48,032
P2 52.338 53.474 51,202
P3 53.199 54,329 51.880
P4 53,194 54,372 51.909
P5 56.343 57.623 55.063
PB1 55.239 57.204 53,273
PB2 55.480 56.619 54,165
WQB9-A - PV3 51.431 53,864 48,435
PVé6 53.491 55.034 51.845
PV9 51.551 53.367 49.926
PV12 49,216 50.655 47.366
P1 49,691 51,971 48,032
P2 51.486 52,717 50,066
P3 52.163 53.293 50.750
P4 52.230 53.515 50.624
P5 52.961 54.698 51.407
PB1 52.811 54,892 50.614
PB2 53,552 55,042 52.062
WQB9-D PV3 48.997 51.056 45,628
PVe 50,919 53.182 47.936
PV9 48.493 50.882 46,677
PV1Z2 47.674 49,524 46.132
P1 45.545 47.410 42,746
P2 47.225 48.835 45,331
P3 48,208 50,091 46.512
P4 . 47.411 51,159 44,948
P5 50,310 51.773 48,756
PB! 50,152 52,464 47,493
PB2 50.573 52,588 48,207
WQR9-G PV3 . 45,066 47,125 42.820
PVé 48,245 49.891 46,290
PV9 45.053 46,390 43,428
PVi2 43,151 45,721 41,403
Pl 41.606 42,850 39,533
P2 44,479 45,615 42,775
P3 45,476 46.607 44,252
P4 45,269 46,661 43,984
P5 48,391 49,762 46,928
PR1 47,493 48.996 45,643
PB2 48.119 49,784 43,825
{Continued)
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Table 6 (Continued)

Test Pressure, ft :
No. Transducer Mean Maximum Minimum
D5-H PV3 49,933 51.805 47 874
PV6 51.948 54,005 49.171
PVQ 49,831 52.984 47.824
PV12 48.394 50.038 46.954
P1 46,788 48.343 45,337
P2 48,077 49,876 46.373
P3 50.091 52,257 47.831
P4 48.268 49,767 46,661
P5 49.670 51.407 47,933
PB1 50,499 52.695 47,955
_ PB2 51.361 53.377 49,434
D3-H PV3 ) 39.076 43,943 35.145
PVe 41,456 45.982 36,004
PV9 - 38.554 42,281 34.636
PV12 38.627 41,711 36.366
Pl 35.076 37.253 33.107
P2 37.756 39,650 35.957
P3 38.696 43.405 34.552
P4 38,201 40,129 36.166
P5 40.712 42.540 37.970
PRB1 40,787 42,984 37.665
PR2 41,372 44,789 36.114
D2-H PV3 3.509 8.750 -18.393
PV6 9,567 16.973 -1.542
PV9 3.674 11.414 -3.398
PV12 3.983 11,179 -3.213
Pl 1.286 4,085 -1.720
P2 2.911 5.846 -0,592
P3 5.263 g8.559 1.966
P4 4,254 9.608 0.291
P5 6.434 9,999 2.870
PB1 6.912 19.398 =4,881
PR2 8.775 17.187 -17.250
D7-B PV3 52.937 54,241 51.447
PV6 56.483 57.196 55.668
PV9 54,042 54,800 53.189
PV12 50,972 51,789 50,155
Pl 55.363 56.286 54,645
P2 55.738 56.582 54,988
P3 54,987 55.919 54,240
P4 54.906 56.181 54,163
P5 55.625 56,348 54,631
FB1 56,634 57.320 55.605
PB2 56.539 57.233 55.845

(Continued)
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Table 6 (Continued)

Test Pressure, ft
No. Transducer Mean Maximum Minimum
D5-B PV3 53.310 54.986 51,633
PV6 56.891 57.706 56.076
PV9 54,326 55.084 53,378
PV12 51.279 51,994 50,359
Pl 54,748 55.568 54,030
P2 55,363 56.301 54,988
P3 54,987 55.919 54.427
P4 55,012 55,968 54,375
P5 56.348 57.252 55,716
PB1 56.520 57.320 55.491
PB2 56.886 57.494 56.192
D3-B PV3 53.682 54,986 52.006
PV6H 56,993 57.706 56.178
PVO 54,326 55.179 53.473
PV12 51.483 52.300 50.462
Pl 54,235 55,568 53.518
P2 55.081 56.019 54.425
P3 54,893 55.826 54,240
P4 54,906 55.862 54,163
P5 56.800 57.704 56.167
PR1 56.520 57.892 55.034
PR2 56,886 57.580 56,192
D1-B PV3 52,937 54.055 51.447
PVé 55,872 56,585 54,853
PV9 53.378 54,136 52.620
PV12 50.359 50,972 49,338
P1 52.697 53,723 51,775
P2 53.675 54.519 52.830
P3 53.867 54.613 52.935
P4 54,163 55.012 53.207
P5 56.167 57.071 55.354
PB1 55.034 56,063 53.891
PB2 55.671 56.279 54,630
F7-B PV3 54,241 - 55,359 52,751
PV6 57.298 58.113 56.483
PV9 54.705 55.369 53.757
PV12 51.994 52.6006 51,177
Pl 55,568 56,491 54,953
P2 56.113 56,770 55,363
P3 55.266 56.013 54,520
P4 , 55.225 56,075 54,694
P5 55.896 56.619 55.083
PB1 55.034 56.063 53.891
PB2 55.671 56.279 54.630
(Continued)
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Table 6 {(Continued)

Test Pressure, ft
No. . Transducer Mean Maximum Minimum
F5-B PV3 54,427 56.290 52.378
PVé 57.298 58.419 56,381
PVY 54,705 55,464 53,757
PV12 51.994 52,709 51.074
P1 54,850 55.773 54,133
P2 55,738 56.582 55,081
P3 55,173 56.106 54.427
P4 55.225 56,287 54.375
P5 56.529 57.342 55.896
PB1 56,634 57.663 55.605
PR2 57.146 57.841 56,365
F3-B PV3 54.427 55.731 52.192
PVO 57.196 58.011 56,279
PV9 54.610 55,179 53.663
PV12 51.891 52.709 50,870
P1 54,235 55.055 53.518
P2 55.175 56,207 54,519
P3 54,987 56.013 54,147
"P4 55.119 56.181 54,375
P5 56.890 57.884 56.258
PB1 56.520 57.663 55.263
PB2 57.060 57.754 56.279
Fi1-B PV3 52.564 53.682 51,074
PV6 55.566 56.279 54,751
PV9 52,904 53.663 51.956
PV12 50,155 50,972 49,236
P1 52.185 53.723 51.262
P2 53.112 53.956 52.362
P3 53,308 54,054 52.561
P4 53.313 54.163 52,569
P5 55.625 56.348 54,902
PE1 54.805 56.063 53,548
PB2 . 55.411 56.018 54,630
D7-D PV3 54,241 55.731 52.006
PVH 57.196 58.113 56.178
PV9 54,610 55.369 53.568
PV12 51.994 52.913 50.666
Pl 56.080 57.413 55,260
F2 56,019 57.051 55.175
P3 55,173 56.386 54,427
P4 55.225 56.393 54,375
P5 55.896 56.890 54,993
PB1 56,520 57.777 54.920
PB2 57.060 57.927 56.018
{Continued)
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Table 6 (Continued)

Test Pressure, ft
No. Transducer Mean Maximum Minimum
D5-D PV3 54.055 55.359 52,378
PV6 57.094 58.317 55.872
PV9 54,516 55,558 53.283
PVi2 51.789 52.913 50,564
Pl 55.055 56,080 54,133
P2 55.363 56,394 54,331
P3 54,987 56.106 54,147
P4 55,012 56.181 54,163
P5 56.258 57.342 55.354
PB1 56.406 57.892 54.691
PB2 56.886 57.841 55,845
D3-D PV3 53.496 55.173 51.819
PV6 56.585 57.604 55.668
PV9 53,947 54,990 52.809
PV12 51.279 52.402 50,155
Pl 54.030 55.158 53,005
P2 54,612 55.644 53.675
P3 54,427 55,453 53.494
P4 54.588 55.650 53.632
P5 56.439 57.433 55.535
PB1 55.834 57.206 54.234
PB2 56.452 57.320 55.411
D1-D PV3 48,839 50,329 46.976
PV6 51.593 52.612 50.167
PV9 49.018 50.155 47.786
PV12 46.070 50,237 44,742
Pl 49,007 50.392 47.982
P2 49.360 50,882 47,954
P3 49,856 51,082 48,457
P4 50.020 53.004 48,851
P5 52,010 50.926 50.926
PB1 50.576 52,176 48.976
PB2 51.333 52.461 48.643
F7-D PV3 54,427 56.104 52.564
PVe 57.196 58.317 56.178
PVo 54,610 55.558 53.473
PV12 51.891 52.913 50.768
Pl 55.978 57.106 55.158
P2 56.113 57.145 54,519
P3 55.266 56,292 54,240
P4 55,331 56.500 54,375
P5 55.987 56.800 54,993
PE1 56.520 57.892 54,577
PR2 : 57.060 57.927 56.018
(Continued)
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Table 6 (Continued)

Test Pressure, ft
No. Transducer Mean Maximum Minimum
F5-D PV3 54,241 55.731 52.378
PV6 57.196 58.317 56.178
PV9 54.610 55.558 53.568
PV12 51.891 52,811 50.870
P1 55.260 56.388 54,440
P2 55.550 56.767 54,612
P3 55.080 56.106 53,961
P4 55,119 56,287 54.269
P5 56,439 57.613 55.535
PB1 56.520 58.120 - 54,805
PR2 57.060 58,014 56.018
F3-D PV3 53.869 55,359 52.006
PVa 56,789 57.807 55,872
PV9 54.136 55.179 53.189
PV12 51.585 52,402 50.462
Pl 54,338 55.260 53.313
P2 54,800 55.738 53.956
P3 54,613 55,826 53.774
P4 54,694 55.862 53.738
P5 56.619 57.704 55.716
PB1 56.063 57.892 54.462
PB2 56,626 57.580 55.758
Fi-D PV3 48,093 49,398 46.417
PVé6 51,084 52.306 49.862
PV9 48.354 49,587 46,932
PV12 45,968 47.295 44,333
Pl 48,289 49,212 47.162
P2 48,704 49,829 47 .485
P3 48.924 50.043 47.898
P4 48,958 50,126 47.895
P5 51,107 52.372 50.022
PB1 50.233 51,948 48,633
PB2 50.899 52,287 48,816
D7-F PV3 53.682 55.731 51.260
PV6 56,687 58,317 55.464
PV9 54,136 55.653 52.809
PV12 51,381 53.117 49,747
P1 55,773 57.106 54.645
P2 55,457 56.676 54.237
P3 : 54,800 56.199 53,681
P4 : 54,906 56.500 53.738
P5 55.535 56.710 54,270
PBl 55.834 57.320 54,348
PB2 56.539 57.754 55.151
(Continued)
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Table 6 (Continued)

Test ' Pressure, ft
No. Transducer Mean Maximum Minimum

D5-F PV3 53.310 55.173 51.260
PV6 56,483 58.113 55,057

PV9 53.852 55.179 52.430

PV12 51.177 52,709 49,747

Pl 54,748 55,978 53.313

P2 54.612 55.925 53,299

P3 54,334 55.733 52.935

P4 54,375 55.650 52,888

P5 55.444 56,710 54.089

PE1 55.377 57.206 53,777

PB2 56.105 57.494 54.717

D3-F PV3 51.633 53.310 49.584
PV6 54,751 56.076 52.918

PV9 51.956 53.283 "50.629

PV12 49,542 50,768 48,010

Pl 52.390 53.723 50.852

P2 52,549 53.862 51.236

P3 52.468 53.867 51.069

P4 52.569 54,056 51.082

P5 54,450 55.716 53.095

PR1 53,777 55.491 52.176

PB2 54.456 _ 56.018 52.634

DI-F PV3 32,072 37.661 27.415
PV6 35.905 40.795 30,200

PV9 32,714 37.927 28.448

PV12 30.443 36,775 23,906

Pl 33.527 38.038 29.836

P2 33.041 37.918 29.384

P3 34,000 38,757 30.362

P4 33.661 38.547 30.049

P5 35.653 40,443 32.038

PB1 - 33.888 39.603 29,430

PB2 35.279 41,874 28.250

F7-F PV3 54.055 55,918 52,006
PV6 56.891 58.317 55.668

PVO 54.326 55,653 52,999

PV12 51.585 52,913 50.155

P1 56.183 57.618 54,953

P2 55,644 57.051 54,519

- P3 54,893 56.479 53.494

P4 55,119 56.712 53.738

P5 55.716 56,981 54,179

PBL - 55.948 57.777 54.120

PB2 56,713 58.014 55.411

(Continued)
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Table 6 {Continued)

Test Pressure, ft
No. Transducer ‘ Mean Maximum Minimum
F5-F PV3 53.682 . 55.359 51.633
PV6 56.687 58.011 55,363
PV9 54.136 55,369 52.715
PV12 51.483 52.811 50,053
Pl 55.260 57.311 54,030
P2 54.988 56.488 53.487
P3 54,613 56.292 53.401
P4 54,588 56.181 53.207
P5 56,077 57.704 54,631
PRl 55.834 57.777 53.891
PBR2 56.452 57.754 55.151
F3-F PV3 52.378 54,055 50.515
PV6 55.261 56.789 53.529
PV9 52.620 54,136 51.293
PV12 50,257 51,789 48.930
Pl 53,210 54,953 52.082
P2 53.299 54,612 52,080
P3 53.214 54,520 51.815
P4 53.313 54.588 51.826
P5 55,173 56,348 53.727
PB1 54,577 56.177 52,291
PB2 55,151 56.452 53.762
Fl-F PV3 31.513 35.984 27.788
PV6 35.396 40,184 30.812
PV9 32.240 36.316 29,207
PVi2 30.239 36.163 25.336
Pl 32.912 36.910 30.452
P2 32.479 36.418 29.852
. P3 33,347 37.264 30.642
P4 32,917 37.060 30.049
P5 34,930 38.997 32,219
PRl 33.888 39.375 28.973
PR2 35,192 40,746 27.643
F7-H PV3 52,192 53.869 50.143
PV6 55.159 56.483 53.325
PV9 52.620 54.231 50.724
PV12 ' 49,747 51.074 47.908
Pl 54,645 56.080 53.108
P2 . 53.675 55,081 52.268
P3 53.401 54,707 52.002
P4 53.525 55,012 51.932
P5 53.547 55.354 52,101
PB1 33.548 55.263 51,948
PB2 54,717 56.105 53,242
(Continued)
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Table 6 (Continued)

Test Pressure, ft
No. Transducer Mean Maximum Minimum
F5-H ‘ PV3 51.260 53.123 49,211
PV6 54,344 56.279 52,510
PVY 51.767 53.473 50,155
PVI2 49,338 50.768 47 .602
Pl 52,903 54,748 51.467
P2 52.080 53.675 50.486
P3 52.468 54.054 50.696
P4 51.613 53.100 50.126
P5 52.462 54,089 50,835
PB1 52,748 54,348 50.919
PB2 53.675 55,151 52.027
F3-H PV3 43.250 45,672 40,083
PVé6 45,481 50.167 35,701
PVY 42,857 46,459 38.591
PV12 42,086 45.048 39.839
Pl 43,676 45,829 41,728
P2 43.452 45,609 41,670
P3 43.514 46,032 41,182
P4 43,115 45,346 41,3209
P5 44,871 46,859 42,973
PB1 44,975 47 . 147 42,346
PB2 45.605 50.465 41,353
F1-H PV3 -1.647 -0.156 ' ~3.323
PV6 ~2.093 -1.074 ~2.908
PVY -1,221 -0.368 -2.074
PV12 4.398 20.740 -2.956
Pl 3.592 6.770 2,055
P2 0.309 1.529 -0,628
P3 : 4,059 26.538 -0.139
P4 -0.119 0.731 ~0.969
P5 ~0.315 2.757 -1.400
PB1 -1.431 3.027 -4.,975
PB2 -1.426 -0.472 ~2.294
D7-J PV3 47.907 50.143 45,299
PVe 50.575 52.306 48.639
PVo 48.733 51.388 45,511
PV12 46,376 48,725 43.516
P! 50.442 52.082 48,802
p2 49,079 50.673 47.203
P3 49.856 51.256 47.898
P4 49,807 51.401 47.577
P5 48,667 51.830 45,503
PB1 48,062 49,776 46,118
PB2 50.118 52.374 48,035
{Continued)
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Table 6 (Continued)

Test Pressure, ft .
No. Transducer Mean Maximum Minimum
D5-J PV3 44,368 47,348 41,014
PV6 47.417 50.677 41,610
PVS 45,131 47,786 41,814
PV12 44,742 46,887 42,903
Pl _ 46.136 48,597 43,779
P2 42,795 46,359 39.700
P3 45,659 49,110 42,581
P4 42,159 44,284 39,291
P5 41,617 44,058 39.268
PRl 43,832 45,890 40,861
PB2 45,953 48,382 43,436
D3-J PV3 16,424 24,807 1.893
PV6 18,485 32.747 -5.760
PV9 14.894 25.889 1.054
PV12 19.106 26.868 13,999
P1 16.509 21,635 8,206
P2 14,940 19,630 11.189
P3 15.625 22.993 10.308
P4 14.859 20.064 6.042
P5 15.861 19,567 11.524
PB1 17.314 23.715 7.713
PB2 18.445 33.457 -3.509
D2-J PV3 38.965 43,250 28,719
PV6 42.221 46.092 36.618
PV9 39.254 43.710 34,799
PV12 40,044 41,882 37.797
Pl 40,088 45,316 34.962
P2 37.262 39,419 33.885
P3 . 38.104 42,861 33.347
P4 36.423 43,328 31.324
P5 38.454 40,172 36.195
PBI1 38,917 40,975 36.060
PB2 40.833 34,932
D1-J PV3 28.347 35.612 19.218
PV6 34,275 39.573 27.959
PV9 30.818 37.264 25,889
PV12 31.260 34,018 28,196
P1 30.657 35.577 25,633
P2 28,915 32,010 23.663
P3 29.616 34,373 22,620
P4 28,456 32,599 23,888
P5 30.321 33.484 27.519
PR1 29,888 34.460 23.144
PB2 32.069 37.796 25,908
{Continued)
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Table 6 (Continued)

Test Pressure, ft
No. . Transducer Mean Maximum Minimum
DO-J PV3 - 20.895 28.160 =2.019
PV6 24,088 37.841 3.714
PV9 20.486 29.870 9,491
PV12 23,293 30.341 17.472
Pl 21.840 28.504 16.612
P2 20,005 25,163 16,347
P3 20,661 28.497 14,039
P4 19,745 25.482 15.709
P5 21,193 ©25,531 17.398
PB1 22.115 26,344 14,571
PB2 23,131 35.366 6.470
F7-J PV3 49,211 51.260 46.231
PV6 52,816 54.853 50.677
PVS 50.345 52.715 48,449
PV12 47.397 49,338 45.661
P1 52.492 54.440 51.160
P2 50,955 52.643 49,173
P3 51.162 52.841 49,763
P4 51.401 53.313 49,914
P5 50,926 52.914 48.757
PB1 50.462 52.176 48,404
PB2 52,027 53.762 49,771
F6-J PV3 47.162 49,211 44,927
: PV6 50.778 53.223 47.519
PV9 48.070 50.914 45,700
PV12 46,376 47.908 44,538
Pl 49,827 52,082 47.879
P2 47.766 49,454 45,890
P3 48.737 51.349 46,405
P4 47.152 49,064 44,602
P5 48,034 49,751 46,136
PB1 48,404 50,690 46,461
PB2 49,771 51.680 47,862
F5-J PV3 43,995 47.162 39.524
‘ PV6 48.130 51.593 42,527
PV9 44,942 48,165 41.340
PV12 43.618 45,457 42.086
Pl 46,239 49,007 43,676
P2 44,577 - 46,172 42.701
P3 44,820 47.431 41,182
P4 43,859 47 .046 39,716
P5 : 45,865 47,582 43.967
PB1 45,318 48,290 42,689
PR2 46,647 48.816 43.436
(Continued)
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Table 6 (Continued)

Test Pressure, ft
No. Transducer Mean Maximum Minimum
F4-J V3 37.102 40.642 30,396
PVH 40,388 47.722 29,487
PV9 37.359 41,719 32.8009
PV12 37.490 40,759 34,937
P1 38,653 43.676 35.065
P2 37.543 39.700 35,386
P3 37.544 42,115 34.559
P4 37.167 39.185 34.723
P5 38,997 41.075 36.014
PB1 39.032 42,575 35,260
PB2 40.052 47,862 33.283
F3-J PV3 31.327 38.779 23,317
PV6 34,275 41,101 25,820
PVO 30,629 36.316 22.666
PV12 31.771 36.877 28.502
Pl 32.092 35.782 29,119
P2 31.259 34,542 28,258
P3 31.575 36.052 28.310
P4 31.112 33.661 28.668
P5 32.671 36,014 29,327
PB1 33.088 36.517 29.316
PB2 33.891 41.961 27.383
F2-J PV3 -1.460 4,874 -10.402
PVe 5,751 12.475 -6,371
PVO 0.106 8.258 -6.908
PV12 0.619 9.301 -6.020
Pl 2.772 6.463 ~1.226
P2 0.685 5.374 -3.161
P3 2.286 6.390 ~1.725
P4 1.156 6.786 ~2.987
P5 2.848 8.361 -1,219
PB1 2.569 25.087 -12.861
PB2 5.602 16.623 -17.567
B7-A PV3 54.644 56.639 52.649
PV6 ' 57.102 58.056 55.958
PV9 54,551 55.448 53.683
PV12 51.681 52.767 50.532
Pl 54.768 55.872 53.826
P2 55,947 56,895 55.146
P3 55,206 56.395 54.077
P4 55,052 56.211 54.091
P5 55.402 56.309 54,466
PB1 56.998 58.144 55,743
PB2 57.079 58.176 56,009

(Continued)
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Table 6 (Continued)

Test Pressure, ft
No. Transducer Mean Maximum Minimum
Bl-A PV3 51.123 52.825 49,305
' - PV6 53,320 54.432 51.762
PV9 50.721 51.649 49,734
PV12 48.010 49,638 46.860
Pl 48,243 49,314 47,106
P2 50.373 51,381 49,157
P3 50,482 51.552 49,621
P4 50.348 51.275 49.254
P5 52,282 53.303 51.261
PB1 52.805 54,023 51.479
PR2 52.985 54,163 50.898
B7-B PV3 54,527 56,346 52.590
PVe 56,816 58.088 55.481
PV9 54.341 55,508 52.965
PV12 51.490 52.831 50.213
P1 54,248 55.612 52.885
P2 55,561 56,895 54.375
P3 54.879 56.513 53.750
P4 54.853 55.946 53,660
P5 54,948 56.309 53.672
PB1 56.424 58.108 55.027
PB2 56.705 58.069 55,340
B2-B PVv3 48.952 51.241 46,899
PV6 51.698 53.320 49,950
PV9 48,806 50.302 47.520
PV12 46,318 48,201 44,721
Pl 47.236 48,697 45.743
P2 49,276 50.551 47.793
P3 49,353 50.690 48,106
P4 49,254 50.745 47.896
P5 50.892 52.197 49,559
PB1 51.229 52.769 49,473
PR2 51.621 53.173 49.106
B1-B PV3 37.569 41,501 33.932
PVée 40,764 44,324 37.394
PV9 37.796 41,117 35.014
PV12 35.622 40,060 31.759
Pl 36.036 39.672 33,244
P2 38,157 41.685 35.607
P3 38.450 41.985 35.835
P4 38,256 41,701 35.572
P5 39.971 43,687 37.504
PEL 40.228 44 .456 36,072
PB2 40,811 44,905 34,416
{Continued)
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Table 6 (Continued)

Test Pressure, ft - .
No. Transducer Mean Maximum Minimum
B7-C PV3 53.236 55.465 51.299
PVé 55,513 57.039 53,765
PV9 53.085 54,730 51.619
PV12 50.213 51.873 48,457
Pl 52.852 54,476 51.229
P2 54,049 55.591 52,389
P3 53.661 . 55,384 52.116
P4 . 53,660 55.151 52,070
P5 53.303 54,891 51.544
PBEL 54,382 56.173 52.554
PB2 55,126 56.892 53,467
B3-C PV3 46,957 49,422 40.562
PVe 48,901 52.112 41.431
PV9 46,443 48.866 43.541
PV12 45,073 47,180 43,093
Pl 44,996 47.301 42,983
P2 46.933 48,979 45,243
P3 46.769 49,443 44,540
P4 46.538 48,459 44,583
P5 47,715 49,502 45.644
PB1 48.864 51,229 46.463
PB2 49,052 51.781 45,520
B2-C PV3 33.403 38.450 28,123
PV6 37.617 42,353 31.959
PV9 33.638 38.185 28.223
PV12 32.142 39.294 28,438
Pl 31.816 36.166 29.219
p2 33.947 38.098 31.278
P3 34,290 38.153 31.617
P4 34,048 38.057 31.530
P5 35.433 39.518 32.994
PB1 36,358 40.945 32,847
PB2 37.146 42,845 26,389
Bi-C PV3 0.076 9,523 -5.557
PVe 1.984 23,949 -5.772
PVO ~0.439 9.075 =5,406
PV12 0.470 17.583 -11.407
Pl ~2.791 6.624 ~7.498
P2 -0.802 8,745 -4 .686
P3 0.065 9,423 -4.332
P4 0.058 9,997 -3.950
P5% . - —_ —_—
PBI1 2,784 17.833 -8.217
PB2* e - -
(Continued)
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Table 6 (Continued)

Test Pressure, ft
No. Transducer Mean Maximum ~ Minimum
B7-E PV3 45,021 47,896 42,029
PV6 47,312 49,759 44,197
PV9 45.276 50.572 39,203
PV12 42,295 45,456 38.591
Pl 44,217 46.165 41,847
P2 44,650 46 844 42,308
B3 46.145 48,046 43,857
P4 45,941 48,161 43.689
P5 43,205 49.303 39.830
PB1 43,560 46,069 40,622
PBR2 45,841 50.096 42,390
B4-E FV3 30.704 37.745 20.260
PV6 34,470 40,923 22,868
PV9 ' 30.646 37.856 19.187
PV12 31.727 34.856 28,183
Pl 27.920 35,484 22.141
P2 28.017 31.367 23,125
P3 28.170 33.518 22,080
P4 25.965 35.108 19.869
P5 27.519 30.554 24,144
PB1 ‘ 29.622 33.671 21.416
PR2 31.393 37.199 23.312
B3-E PV3 9.757 16.857 3.714
PV6 12,506 21.596 ~4,437
PVY 5.993 14,281 ~1.606
PV12 10.942 - 16.689 6.249
Pl 4,481 7.987 1.072
P2 7.085 11.502 2.074
P3 6.898 11.028 1.372
P4 7.247 11.587 2.675
P5 7.040 12.373 2.530
PB1 11,992 20.556 -0.011
PB2 12.770 23.018 5.653
B2-E PV3 -3.093 ~-0.687 -4.853
PV6 4,246 1.444 -5.835
PVY 2,144 1.745 ~-4,269
PV12 2,131 9.985 ~-2,786
Pl -2.369 2.923 -4.609
P2 =2.344 -0.179 -3.559
P3 1.461 22.704 -3.708
P4 -2.625 -1.333 -3.851
P5% - —_ -
PB1 -3.236 15.325 -14,129
PB2% - - -
(Continued)
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Table 6 (Continued)

Pressure, ft

Test
No. Transducer Mean
B7-G . PV3 35.105
PV 37.776
PV9 35.882
PV12 33.259
rl 34,251
P2 33,413
P3 36.964
P4 36.632
P5 31.292
PB1 31.163
PB2 34.871
B4-G PV3 23.605
PV6 26,746
V9 24,184
PV12 26.012
Pl 21.882
P2 17.492
P3 24,070
P4 15.662
P5 11.663
PB1 19,016
PB2 22,938
B3-G PV3 8.173
PV6 14,031
PV9 7.938
PV12 13.082
Pl 4,903
P2 4,179
P3 3.897
P4 1.681
P5 2.700
PBE1 3.464
PB2 18.576
B2-G PV3 -6.731
PVe* —_
PV9** -
PV]2%% -
Pl*% _—
Pk —_—
P3k% -
Phk% —_—
PS5k —
PB1** —_
PB2% -
{Continued)

Maximum

39.564
42,258
47.699
39.326
38.211
37.831
41,332
40.939
38.411
38.293
42,336

33.051
40.923
36.929
33.259
35.484
29,559
36.370
28,218
28.512
24.999
35.861

19.321
21.151
15.866
17.775
11.948
9.990
9,126
7.380
6.217
14,357

3.948

Minimum

25.658
25,951
25.620
27.960
23.959
25,912
22.080
24,176
24.314
23,889
30.349

16.564
3.192
12,157
19.275
14.350
7.707
12.573
8.672
5.877
12,494
15.687

0.076
6.530
1.416
8.101
-1.265
0.443
-2.253
-3.917
-0.335
-4,777
2,951

-17.820

* Pressure transducer inoperative.
*% Pressure transducer overranged.
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Table 6 (Continued)

Pressure, ft

Test
No. Transducer Mean
Bl1-G PV3 ~7.669
PVH* -
PYOH* —
PV12 3.152
Pl -5.778
P2k*k —
PIR* _
P4 -8.622
PS5k —_—
PB1 -9,256
PB2* -_
Gl-1 PV3 55.407
PVo* -
PV9 54.700
PVI2 51,777
Pl 54.735
P2 55.858
P3 55.177
P4 55.019
P5 55.430
PB1 56.818
PB2* -
Gl-G PV3 55.113
PV6* —_—
PV 54,581
PV12 51.650
Pl 54,119
P2 55,561
P3 55.177
P4 55,019
P5 56,054
PB1 56.783
PBR2* -
G1-D PV3 55,231
PV6* —
PVO 54.640
PV12 51.681
Pl 53.242
P2 55,116
P3 54,998
P4 54,853
P5 56.508
PB1 56.639
PB2%* —_
(Continued)

Maximum

11.868
6.429

-6.269

~6.604

56.991
55.628
52.959
55,709
56.718
56.305
56.046
56.281
58.359

56.874
55.478
52,607
55.385
56.629
56.246
55.980
56.905
58.180

56.756
55.568
52.703
54,411
56,095
56,098
55.880
57.444
58.287

Minimum
~11,131

-2.435

-11.371

-12.087

——

53.529
53.773
50.468
53.859
54,731
54,315
54,157
54,409
55,600

53.470
53.534
50.532
53.210
54,701
54.285
54.124
55.118
55.457

53.823
53.653
50.692
52,171
54.079
53.988
53.826
55.685
55.457

* Pressure transducer inoperative,.

*%

Pressure transducer overranged.

{Sheer 19 of 23)



Table 6 (Continued)

Test Pressure, ft .
No. Transducer Mean Maximum Minimum

Gl-A PV3 55.172 56.580 53.646
PVe* - - ——
PV9 54,670 55.628 53,623
PV12 51.618 52.575 50,596
Pl 52.917 54.021 51.814
P2 54.968 56.125 53.931
P3 55,028 56.068 54.107
P4 54.919 55.980 53.892
P5 57.075 57.955 56.168
PB1 56.783 58,287 55.421
PB2%* —— —_ -

WQST-1 PV3 53,940 55.641 52,180
PVo* - —— -
PV9 53.444 54,850 51,948
PV12 50.404 51.713 48,712
Pi 53.080 54,508 51.651
P2 54,435 55.887 52.922
P3 53.958 55,384 52,503
P4 53.760 54.953 52,203
P5 53.842 55.033 52.537
PB1 54,919 56.424 53,343
PB2* —— - -

G2-1 PV3 55.172 56.874 53.529
PV6* - - -
PV9 54,551 55.867 53.414
PV12 51.522 52.895 49,989
Pl 54,151 55.515 52.852
P2 55.680 57.192 54,524
P3 54,998 56.484 53.750
P4 54 .820 56,311 53.395
P5 55,288 56.650 53.672
PB1 56.603 58.037 55.063
PR2* — - -

G2-G PV3 54,937 57.050 53.177
PV6H* - - -
PV9 54.461 55.837 53.174
PV12 51.490 52,927 50.277
P1 53.469 54,735 52.008
P2 55.116 56.391 53.664
P3 54.850 56,276 53.453
P4 54.621 55,880 53.296
P5 55.771 57.019 54,437
PB1 56.424 57.965 54,776
PB2#* - - —_

{Continued)

% Pressure transducer inoperative.
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Table 6 (Continued)

Pressure, ft

Test

No. Transducer Mean

G2-D PV3 54,820
PVe* —_

PV9 54,281

PVI2 51.394

P1 53.015

P2 54,790

P3 54,671

P4 54,522

P5 56.253

PB1 56.281
PR2* -

G2-A PV3 54,820
PVée* -

PVY 54,281

PV12 51,266

Pl 52.430

P2 54.494

P3 54.642

P4 54,555

P5 56.536

PB1 56.388
PB2% -

G3-I PV3 54,292
PV6* -

PVY 53.743

PVi2 50.756

Pl 53.339

P2 54,820

P3 54,315

P4 54.191

P5 54,296

PB1 55,313
PB2* -

G3-G PV3 53.764
PVe* —_—

PV9 53.234

PV12 50.628

Pl 52,073

P2 53.575

P3 53.691

P4 53.064

P5 53.842

PB1 54.812
PBR2% -

(Continued)

Maximum

56.346
55.478
52.735
54.378
56.036
55.890
55.748

57.557
37,822

56,991
55.688
52.990
53.859
56.243
56,216
56,013
57.983
58.717

56.170
55.209
52.033
54,930
56.510
55,741
55.847
55.856
56.962

55.583
55.059
52,512
53.859
55.650
55.355
54,555
55.345
56.639

Minimum

53,236
53.085
50.053
51.814
53.664
53.513
53.263
54.948
54,561

53.236
52,815
49.766
50.970
52.804
53.424
53.097
55.061
54.633

52,062
52,337
49.000
51.943
53.456
52.919
52,733
52.877
53.522

51.769
51.649
49.032
50,580
51.944
51.790
51,308
52.452
53.235

*# Pressure transducer inoperative,
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Table 6 (Continued)

Pressure, ft

Test
No. Transducer Mean
G3-D PV3 53,470
: PV6* ——
V9 52,606
PV12 50.021
Pl 50.385
P2 52.448
P3 52,295
P4 52.070
P5 53,842
PRl 54.167
PBR2% ——
G3-A PV3 53.177
PVH% —_—
PV9 52.456
V12 49,319
P1 50,450
P2 52,537
P3 52.651
P4 52,733
P5 54,664
PB1 54,274
PB2% -_
G4-T PV3 53,118
PV6* -
PVO 52.486
PV12 49,702
Pl 52.203
P2 53.426
P3 53.156
P4 53,031
P5 52.735
PE1 53,701
PR2% —
G4-G Pv3 51.652
PVH% —_—
PVO 51.260
PV12 49.000
Pl 50.418
P2 51.440
P3 51.998
P4 50.745
P5 51.090
PB1 52.411
PB2* —_
(Continued)

Maximum

55.3438
54,521
51.681
52,008
54.108
53.899
53.826

55.402
56.138

55.172
54,192
51,011
52.073
54,197
54,285
54,555
56.224
56.102

55.289
53.952
51.426
53.599
54,850
54.612
54.588
54.381
55.493

53.940
53.115
50.851
52.008
53.456
53.869
52,302
52.679
54.274

Minimum

51.417
50.990
48.106
48.632
50.728
50.661
50.414
52.367
52.304

50,771
50,751
47.722
48.502
50.639
50.869
50,745
53.019
52.339

50.126
50.452
47,595
50.775
51.855
51.760
51.607
51,204
51.874

49.657
49.704
46,988
48.794
49,750
50,304
48.989
49.502
50.440

* Pressure transducer inoperative.
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Table 6 (Concluded)

Test
No. Transducer

G4~D PV3
' PV6*
pVve
PV12
P1
P2
P3
P4
P5
PBI
PB2%

G4-A PV3
PVe*
PV9
PV12
Pl
P2
P3
P4
P5
PB1
PB2*%

Pressure, ft

Mean

50.185
49,674
47.435
48.210
50.165
50.096
49,784

51.317
51.587

50.595
49.854
46.892
47.885
50.017
50.156
50.248
52.026
51.802

Maximum
52.473

51,679
49.351
49,833
52.329
51.760
51.308
53.133
53.665

53.001
51,978
49,159
49,801
51.855
51.998
52.004
53.785
53.737

Minimum
47 .544

47.849
. 45.392
46.392
48.445
48,492
47.929
49.445
49.688

48.190
48,118
44,945
46,327
48.238
48,670
48.658
50.239
49.867

* Pressure transducer inoperative.
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Table 7

Cavitation Index Values

Proto-
Valve Opening c v Hu Hv AH Hd tipe Mzdel
deg Q fps ft ft ft ft i i
90 1.30 21,60  44.9 -33.,0 5.60 39.30 12.90 16.6
70 0.90 20.80 45.04 10,00 35.00 6.80 9.3
60 0.60 20.30 45.71 23.70 22.00 2.37 6.7
50 0.45 18.30 47.27 47.30 G.00 0.70 4.4
45 0.30 17.00 49.60 68.60 -19.,00 0.20 —%
40 0.17  6.70  —=* * —— — ek 2.6
% Data not available for this valve opening.
Table B
Valve Shaft Torque Data
QC Butterfly Single Valve Multiple Valves
Gate Valve Maximum Maximum Maximum Maximum
Opening Opening Strain Torque Strain Torque
percent deg pin./in. in,~-1b pin, fin. in.-1b
5 90 22.83 8,575 18,75 7,043
70 —— - 6.79 2,551
45 - - 6.79 2,551
15 11,682 6,063 12.76 4,793
10 90 23.10 8,676 21.90 11,365
70 —— - 13.54 7,027
45 - - 12,75 4,785
15 17.52 6,581 10,75 4,038
20 90 24,16 9,074 22,70 8,526
70 -— - 13.67 5,135
45 32,92 12,365 13.27 4,984
15 30,28 11,375 10.89 4,090
50 90 25.48 9,570 23.50 8,827
70 —_ —_ 16.59 6,231
45 78,19 29,368 17.25 6,479
15 65.98 24,782 12.35 4,639
70 90 31.86 11,967 23,36 8,774
70 88.15 33,110 21.11 7,929
45 100.36 37,696 21,77 8,177
15 - - 13.81

5,187




Butterfly Valve Leaf Accelerations

Table 9

Accelerometer Al

Accelerometer A2

Accel d Accel d
Test P-P Freq -3 P-P Freq -3
No. g's Hz 10 ~ ft g's Hz 10 = ft
WQB1-A 0.045 80 0.006 0.049 80 0.006
WQB1-D 0.046 80 0.006 0.058 80 0.007
WQB1-G 0.058 80 0.007 0,058 80 0.007
WQB5-A 0.052 80 0.007 0.062 80 0.008
WQB5-D - 0,068 80 0.009 0.068 80 0.009
WQB5-G 0.097 55 0.026 0,075 55 0.020
WQB7-A 0.052 48 0.018 0.075 48 0.027
WQB7-D 0.094 58 0.023 0.087 58 0.021
WQB7-G 0.133 75 0.019 0.119 75 0.017
WQB9-G 0.051 82 0.006 0.061 80 0.008
WQB9-D ¢.100 80 0.013 0,104 80 0.013
WQB9-G 0.153 82 ¢.019 0.132 82 0.016
D5-H 0.075 80 ¢.010 0.078 80 0.010
D3-H 0.084 52 0.025 0.071 52 0.021
D1-H 0.917 65 0.177 1.087 65 0.210
D7-B 0.075 40 0.038 0.087 90 0.009
D5-B 0.084 45 0.034 0.064 45 0.026
D3-B 0,081 78 0.011 0.061 78 0.008
Di-B 0.071 84 0.008 0.078 84 0.009
F7-8 0.068 78 0.009 0.072 78 0.010
F5-B 0.071 65 0.014 0.061 78 0.008
F3-B 0.097 78 0.013 0.072 78 0.010
F1-B 0.104 84 0.012 0.103 84 0.012
D7-D 0.065 120 0.004 0.071 120 0.004
D5-D 0,057 89 0.009 0.081 89 0.008
D3-D 0.113 85 0.013 0.097 68 0,017
D1-D 0.197 85 0.022 0.184 84 0.021
F7-D 0.071 48 0.025 0.071 48 0.025
F5-D 0.087 88 0.009 0,090 88 0.010
F3-D 0.116 84 0,013 0.097 84 0,011
F1-D 0.182 84 0.021 0.177 84 0,020
(Continued)
Note: Accel P-P = greatest peak-to-peak acceleration; Freq = predominant

frequency; d = displacement,
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Table 9 (Continued)

Test
NOI

D7-F
D5-F
D3-F
DI-F

F7-F
F5-F
F3-F
F1-F

F7-H
F5-H
F3-H
Fl1-H

D7-J
D5~J
D3-J
D2-J
D1~-J
DO-J

F7-J
F6-J
F5-J
F4-J
F3-J
F2-J

B7-A
Bl-A

B7-B
B2~-B
Bl1-B

B7-C
B3~-C
B2-C
Bl-C

B7-E
B4~E
B3-E
B2-E

Accelerometer Al

Accel
P-P

g 5

0.075
0.084
0.136
1,457

0.091
0.127
0.195
0.837

0,084
0.129
0,278
0.706

0.078
0.119
2.000
0.197
1.113
2,240

0,078
0.126
0.178
0.434
1.246
2,224

0.051
0.071

0,059
0.166
0.174

0.073
0.160
0.231
1.075

0.095
0.830
2,332
0.894

Freq
Hz

) 47
120
70
51

58
58
58
75

47
68
79
57

50
48
50
48
50
32

50
48
48
49
50
48

47
47

78
76
82

47
78
83
53

45
45
30
54

10‘3 ft
0.028
0.005
0.023
0,456

0.022
0.031
0.047
0.121

0.031
0.023
0.036
0.261

0.025
0.042
0.652
¢.070
0.363
1.784

0.025
0.045
0.063
0.147
0.406
0,783

0.019
0.026

0.008
0.023
0.021

0.027
0.021
0.027
0.312

0.038
0.334
2,113
0.250

(Continued)

Accelerometery A2

Accel
P-P

g 8

0.081
0.090
0,133
1.302

0.090
0.129
0.165
2.850

0.090
0.107
0.174
0.588

0.087
0.110
1.900
0.178
3.312
4,533

0.084
0.123
0.171
0.307
2,911
3.651

0,052
0.070

0.062
0.129
0.170

0.076
0.140
0.201
0,922

0.089
2.580
4,090
0.762

P d
req 3
Hz 10 ft
47 0.030
70 0.015
70 0.022
51 0.408
47 0.033
58 0.031
58 0.040
75 0.413
47 0.033
68 0.019
79 0.023
79 0.077
50 0.028
48 0.039
50 0.620
48 0.063
50 1.081
32 3.608
50 0.027
48 0.044
48 0.060
49 0.949
50 0.950
48 1.292
47 0.019
47 0.026
78 0.008
76 0.018
82 0.021
47 0.036
78 0.019
83 0.024
53 0,268
45 0.036
45 1.039
22 6.892
54 0.213

(Sheet 2 of 3)



Table 9 (Concluded)

Test
No.

B7~G
B4-G
B3-G
B2-G
Bl-G

Gl-T
Gl-G
Gl1-D
Gl-A

WQST-1

G2-I
G2-G
G2-D
G2-A

G3-1
G3-G
G3-D
G3-~A

G4-1
G4-G
G4-D
G4-A

Accelerometer Al

Accelerometer A2

Accel
P-P

g s

0.371
1.579
2.521
1.630
1.860

0.063
0.074
0.091
0.102

0.060

0.074
0.074
0.109
0.129

0.075
0.096
0.126
0.148

0.056
0.083
0.121
0.146

Freq
Hz

45
19
18
49
49

48
78
58
58

78

45
78
58
46

78
78
41
78

45
45
45
45

ft

10

0.149
3.567
6.346
0.554
0.632

0.022
0.010
0.022
0.025

0.008

0.030
0.010
0.026
¢.050

0.010
0.013
0.061
0.020

0.023
0.033
0.049
0.059

Accel
P-P

L5

0.464
4.120
3.817
2.840
1.830

0.053
0.073
0.083
0.090

0.063

0.072
0,073
0.117
0.109

0.069
0.079
0,098
0.129

0.061
0.072
0.110
0.140

d
Freq -3
Hz 10 ft
45 0.187
30 3.734
49 1.297
49 0.964
49 0.622
48 0.019
78 0.010
58 0.020
58 0.022
78 0.008
45 0.029
78 0.010
58 0.028
41 0.053
46 0.027
78 0.010
41 0.048
78 0.017
45 0.025
45 0.029
45 0.044
45 0.056
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Table 10

Warm Springs Sample Port Temperature Comparison to Reservoir

Temperature Profile and Water Quality Intake Temperature

Sample
Port Intake
Temper- Pool Temper—

el aggre At , °F#% Prgglle Ati , °F% asgre
430.0 70.5 -0.2 70.7 0.5 71,2
410.0 61,2 -1.0 62.2
390.0 57.4 0.6 56.8 0.2 57.0
370.0 54.4 0.7 53.8
350.0 54.1 1.6 52.5 0.7 53.2
330.0 54,0 : 1.7 52.3
310.0 53.8 1.6 52.2
290.0 54,1 2.3 51.8
270.0 66.0 14,4 51.6
255,0 52.9 1.3 51.6
230,0 52.5 : 0.9 51.6

* At = Difference between sample port temperature (subscript p) or intake
temperature (subscript i) and pool profile.



Table 11

‘Water Quality Measurement Test Conditions

Test

Butterfly Valve Opening, deg

15
30
90
90
a0

90
920
90
30
20

10

90
90
90

90
90
10
30
90

90
90
90
90
90

90
90
90
90
90

90
a0
90
90
90

QO OOC

{(Continued)

OO0 O o I e B o I o B e o e T oo T o B COOOO oo Oo00O0o [ I wn I o B o e OOOOOIJ‘-‘-
*

QC Valve
Opening

percent

5
5
10
20
30

5

Lo o

L nun LrLh

10
10
10

10
10
20
20
20

20
20
50
50

10
10
10

# Butterfly valve 4 refers to the 30-in.-diam wet well filling valve at

el 272.0



Table 11 (Concluded)

Test
No.

36
37
38
39
40

41
42
43
44
45

Butterfly Valve Opening, deg

90
90
90
90
90

20
90
90
10
18

2

90
60
30
90
60

SO0 O Iw

(e
SO0 00

|=

O
SO OOO ODOoOOOoOo

QC Valve
Opening

percent

20
20
20
50
50




Table 12

Water Quality Temperature Tests

Thermistor Temperature, 'F

Location Test 1 Test 2 Test 3 Test 4 Test 5
A-2 72.0 72,2 72.1 72.1 72.0
A-3 77.0 77.2 77.1 77.1 77.0
A-4 71.9 72.2 72.0 72.0 71.8
A-5 71.8 72.0 71.8 71.8 71.7
A-6 71.7 72.0 71.9 71.9 71.8
“A—Y 71.5 72.4 72.2 72,2 72,0
A-8 64.8 71.7 71.7 71.8 71.7
A=9 67.3 71.9 71.9 71.9 71.7
A-10 70.8 72,0 71.9 71,9 71.8
A-11 71.1 72.1 72.0 72.0 71,9
A-12 70.7 72.0 71.9 71.9 71.8
B-1 69.9 72.0 71.9 71.9 71.8
B-2 71.0 71.9 71.9 71.8 71.7
B-3 70.9 71.9 71.8 71.8 71.8
B-4 53.6 72,0 71.9 71.9 71.8
B-5 53.8 72.0 71.9 71.9 71.9
B-6 53.6 53.7 53.8 53.7 53.7
B-7 53.9 53.9 53.9 53.9 53.8
c-1 60.5 60.3 60.2 62.5 62.0
c-2 59.5 59.8 59.8 61.0 61.2
C-3 60.5 60.0 60,2 62.5 63.2
C-4 59.4 59.8 59.4 61.0 60.5
C-5 60.0 60.4 60.2 61.8 62.3
C-6 59.5 59.9 60.0 61.0 60,3

- C-7 60.5 60.8 60.2 62.5 63.0
C-8 60.3 59.8 ' 60.4 61.0 62.0
C-9 59.8 60.5 60.2 61.3 . 62.5
C-10 60,1 60.0 60.1 61.2 61.5
Cc-11 59.8 59.8 60.2 61.7 60.5
Cc-12 59.5 59.5 60.1 61,2 62.0

(Continued)

Note: See Table 1l for test conditions. See Plate 4 for thermistor location.
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Table 12 (Continued)

Thermistor Temperature, °F
Location Test 6 Test 7 Test 8 Test 9 Test 10
A-2 71.8 70.9 71.2 71.3 . 71,3
A-3 76.8 68.5 71.0 71.1 71.1
A-4 71.7 73.4 76.1 76.2 76,2
A-5 71.6 66.5 70.7 70.8 70.8
A-6 71.7 64.8 71.0 71.0 71.0
A=7 71.8 6l.4 71.0 71.0 71.0
A-8 71.6 60.0 70.4 70.5 70.5
A-9 71.6 58.5 71.1 71.2 71,2
A-10 71.7 56.7 68.9 69.1 69.5
A-11 71.8 55.5 70.6 70,7 70.8
“A-12 71,7 55.7 70.7 70.7 70.8
B-1 71,7 55.3 70.8 70.7 70.8
B~2 71.6 - 55.6 70.5 70.6 70.7
B-3 71.6 55.4 70.0 70.1 69.8
B-4 71.7 55.0 56.0 56.0 56.0
B-5 71.7 55.2 58.0 57.0 57.0
B-6 53.9 55.5 53.4 53.4 53.4
B~7 53.8 54.0 53.4 53.4 53.4
c-1 62.0 54,0 53.8 53.8 53.5
-2 62.8 54.2 53.6 53.8 53.7
C-3 62.5 54,2 63.6 53.8 53.8
C-4 61.5 54.3 53.5 53.7 53.7
C-5 62.0 54.0 53.4 - 53.4 53.2
C-6 60.5 53.7 52.8 52.8 52.8
c-7 62.3 54,9 53.9 54.0 53.9
Cc-8 61,2 54,2 53.7 53.8 53.6
c-9 61.9 54.8 53.8 53.9 53.9
C-10 61.5 54.2 53.6 53.7 53.5
Cc-11 62.0 54.6 53.5 53.5 53.4
Cc-12 . 61.5 53.9 53.3 53.4 53.2
{Continued)
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Table 12 (Continued)

Thermistor Temperature, °F

Location Test 11 Test 12 Test 13 Test 14 Test 15
A-2 71.2 71.2 71.2 71.2 71.3
A-3 71.2 71.2 71.2 71.1 71.3
A-b 76.2 76,2 76.3 76.3 76.5
A-5 . 70.9 70.9 71 71.1 71.2
A-6 71.0 71.0 71.1 71.1 71.2
A-7 ’ 71.1 71.0 71.2 71.2 71.3
A-8 70.6 70.6 70.8 70.9 71.1
A-9 71.1 71.2 71.2 71.0 71.0
A-10 69.6 69.7 69.3 70.9 71.1
A-11 70.7 70.8 70.9 71.1 71.2
A-12 76.8 70.8 71.0 71.2 71.3
B~1 70.7 ' 70.8 71.1 71.2 71.3
B-2 70.7 70.7 70.9 71.1 71.2
B-3 70.2 70.2 70.4 70.7 70.9
B-4 53.3 55.0 68.8 71.1 71.3
B-5 53.4 57.0 68.3 71.1 71.3
B-6 53.5 53.3 53,7 53.1 53.2
B-7 53.9 53.4 53,6 53,7 53.7
c-1 53.9 53.3 56.1 61.0 64.0
c-2 53.4 53,5 56.1 60.5 64.5
c-3 53.8 53.5 56,2 60.8 64.0
C-4 53.7 53.5 56.0 60.5 64.0
-5 53,2 53,2 56.0 60.7 63.5
C-6 52.8 52.5 56.1 59.6 63.2
c-7 53.9 53.8 56.2 61.0 64,0
Cc-8 53.6 53.5 56.0 60.4 64,5
c-9 53.9 53.8 56.1 60.5 64,2
c-10 53.5 53.4 56.0 60.8 64.1
c-11 53.4 53.2 55.9 60.2 64.0
c-12 53.2 53.0 55,7 60.0 64.0

{Continued)
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Table 12 (Continued)

Thermistor Temperature, °F
Location Test 16 Test 17 Test 18 Test 19 Test 20
A-2 71,3 71.3 71.3 71.3 71.3
A-3 71.1 71.3 71.4 71.3 71.3
A-4 76.1 76.5 76.5 76.5 76.5
A-5 70.8 71.3 71.3 71.2 71.3
A-6 70.9 71.2 71.3 71.2 71.3
A~ 70.9 71.3 71.3 71.2 71.3
A-8 70.8 71,2 71.1 71.2 71.2
A-9 70.9 71.2 71,2 71.1 71,2
A-10 70.9 71.2 71,2 71.2 71,3
A-11 70.8 71.3 71.3 71.3 71.3
A-12 70.9 71.3 71.3 71.3 71.4
B-1 70.9 71.3 71.3 71.3 71.3
B-2 70.8 1.2 71,2 71.2 71.3
B-3 70.6 71.0 70.9 71.0 71.1
B-4 70.9 ' 71.3 63.0 71.2 71.3
B-5 70.8 71.3 64.0 71,2 71.3
B-6 54.1 53.3 53.6 53.1 53.1
B-7 67.0 53.5 53.6 53.4 53.5
C-1 67.0 60.0 54.3 61.0 63.5
c-2 69.0 59.0 54.8 60.8 64.0
c-3 68.5 60,1 54.8 61,5 63.0
C-4 68.7 60.0 54,9 61.0 63.5
C=5 66.3 59.2 54.1 61.0 64.0
C-6 68.5 58.2 53.8 60.0 62.5
C-7 68.0 59.3 54.9 61.1 64.0
c-8 68.0 59.0 54.8 60.9 63.0
c-9 68.0 60.1 54.9 61.0 63.0
C-10 67.8 59.1 54,7 61.0 63.5
C-11 68.0 59.6 54.9 60.7 62.5
C-12 68.0 59.0 54.5 60.7 63.5
(Continued)
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Table 12 (Continued)

Thermistor ' Temperature, °F
Location Test 21 Test 22 Test 23 Test 24 Test 25
A-2 71.3 71.3 71.5 71.5 71.5
A-3 71.0 71.0 76.6 71.6 71.5
A-4 76.1 75.9 71.4 76.7 76.7
A-5 70.8 71.5 71.4 71.5 71.5
A-6 70.8 70.5 71.4 71.4 71.4
A=T7 70.9 70.6 71.5 71.5 71.4
A-8 70.8 70.6 71.3 71.5 71.5
A-9 70.9 70.6 71.4 71.4 71.4
A-10 70.9 70.6 71.5 71.4 71.5
A-11 70.8 70.6 71.5 71.5 71.5
A-12 70.9 70.7 71,5 71.6 71.5
B-1 70.8 70.7 71.5 71.5 71.5
B-2 70.8 _ 70.6 71,2 71.5 71.5
B-3 70.6 70.4 71.5 71.3 71.2
B4 70.8 70.6 71.5 71.5 71.4
B-5 70.9 70.6 53.5 71.5 71.4
. B~6 53.1 53.7 53.6 53.4 53.3
~ B-7 53.5 56.8 62.0 53.7 53.7
Cc-1 66.0 68.0 61.0 62.0 64.0
C-2 65.5 68.0 62.5 62.5 64.0
C-3 66.0 69.9 60.8 61.5 64.5
C-4 66.0 67.0 61.2 62.0 64,0
C-5 66.0 69.5 60.0 62.5 65.0
C-6 65.0 66.0 61.6 61.5 63.0
c-7 66.8 69.4 60.2 62.8 64.5
C-8 65.2 68.0 61.3 62.3 63.0
C-9 66.3 68.5 61.3 62.8 64.0
C-10 66.0 68.0 61.2 62.0 64.5
Cc-11 65.5 | 69.0 61.0 62.0 63.8
c-12 65.8 68.5 6l.1 62.0 64.0
(Continued)
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Table 12 (Continued)

Thermistor Temperature, °F
Location Test 26 Test 27 = Test 28 Test 29 Test 30
A-2 71.0 71.3 71.4 70.6 71.3
A-3 76.2 70.9 71.5 68.0 70.8
A-4 70.8 76.0 76.6 74.8 76.2
A-5 70.7 _ 70.7 71.4 69.2 70.9
A-6 70.7 70.6 71.4 69.1 70.8
A-7 70.8 70.7 71.4 69.1 70.7
A-8 70.7 70.8 71.5 69.3 70.8
A-9 70.7 70.5 71.3 69.1 57.2
A-10 70.7 70.5 71.4 69.1 57.1
A-11 70.8 70.5 71.4 69.2 58.8
A-12 70.7 70.6 71.5 69.3 62.8
B-1 70.7 70.6 71.4 69.1 59.5
B-2 70.5 70.5 71.4 69.1 61.5
B-3 70.7 70.4 ‘ 71.2 69.0 60.3
B-4 70.7 70.6 1.4 69.1 60.8
B-5 53.3 70.6 71.4 69.2 61.5
B-6 53.7 53.7 53.4 54.3 60.7
B-7 66.0 56.0 53.7 53.9 60.9
Cc-1 66.5 69.5 62.0 65.0 61.8
c-2 67.5 67.5 63.5 65.0 62.0
C-3 65.5 69.0 63.0 65.0 61.9
C-4 65.5 66.9 63.0 65.5 61.8
Cc-5 64,8 69.9 62.1 65.8 61.9
C-6 66.5 66.5 61.8 64.0 61.0
c-7 66,0 69.7 62.5 _ 66.0 62.0
c-8 66.2 68.1 63.0 65.1 61.8
C-9 66.2 68.2 62.5 65.0 61.8
c-10 65.8 '  68.5 62.5 65.2 61.9
c-11 66.0 68.5 62.0 65.0 61.5
c-12 . 66.0 68.5 62.5 65.0 61l.4
(Continued)
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Table 12 (Continued)

Thermistor Temperature, °F

Location Test 31 Test 32 Test 33 Test 34 Test 35
A-2 _ 71.5 71.4 71.4 71.3 71.2
A-3 71.2 71.1 71.3 71.0 70.7
A-4 76.4 76.5 76.5 76.1 75.8
A-5 71.2 71.2 71.3 70.8 70,3
A-6 71.1 71,1 71.2 70.8 70.4
A-7 71.1 71.2 71.3 70.8 70.3
A-8 71.2 71.3 71.4 70.9 70.4
A-9 57.2 57.2 57.3 57.2 57.2
A-10 57.1 57.0 57.0 56.9 57.0
A-11 61.3 65.9 61.0 63.0 67.0
A-12 63.4 67.0 65.0 64.0 67.2
B-1 61.8 64.8 61.8 63.0 66.0
B-2 63.3 68.0 65.0 64.5 67.9
B-3 62.3 65.8 62.0 63.5 66.1
B4 62.0 65.5 62,3 63.0 66.1
B-5 63.2 67.0 64.8 64.2 68.0
B-6 61.6 65.6 63.3 64.3 66.9
B-7 62.2 66.2 63.1 64.3 66.8
c-1 61.9 66.5 62.8 64.9 67.0
c-2 62.5 67.0 63.0 63.9 66.5
c-3 62.0 66.6 63.0 63.7 66.8
C-4 62.0 66.2 63.0 '63.8 66.9
Cc-5 62.0 66.5 62.4 63.6 66.0
c-6 61.2 65.7 62.0 63.0 66.0
-7 62.3 66.9 63.0 64.0 66.9
c-8 62.3 66.7 63.0 63.2 67.0
-9 62.0 66.6 63.1 63.9 66.8
c-10 62.0 66.5 63.0 63.2 66.6
c-11 62.0 66.2 63.0 63.6 66.6
c-12 62.0 66.0 62.6 63.3 66.2
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Table 12 (Continued)

Thermistor Temperature, °F
Location Test 36 Test 37 " Test 38 Test 39 Test 40

A-2 71.9 71.3 71.2 71.3 71.3
A-3 71.1 71.0 70.7 71.0 70.9
A~ 7641 75.9 75.8 76.0 76.0
A-5 71.0 60.7 70.4 . 70.8 70.6
A-6 70.8 70.6 70.4 70.6 70.6
A-7 70.8 70.6 70.4 70.7 70.5
A-8 70.9 70.7 70.4 70.8 70.6
A-9 57.3 57.2 57.3 57.4 57.2

A-10 57.1 57.2 57.1 57.3 57.4
A-11 62.0 64.5 66.0 62.5 65.8
A-12 65.0 63.5 67.3 64.0 63.0
B-1 61.6 64.0 66.5 63.6 64.6
B-2 66.0 64.5 67.3 64.0 64.0
B-3 61.8 63.3 66.3 61.8 63.6
B-4 61.5 63.0 66.3 64.6 63.8
B-5 64,0 65.1 68.3 64 .2 65.5
B-6 63.5 64.7 67.3 63.6 64 .6
B~7 63.5 64.9 67.1 63.6 64.6
c-1 63.0 64,2 67.0 63.0 64.1
c-2 63.5 63.5 66.8 63.2 64.0
C-3 63.4 64.1 67.2 63.6 64.1
C-4 63.0 64,2 66.8 63.5 64.1
c-5 63.0 , 64.0 66,2 63.0 64.1
c-6 63.0 63.1 65.9 63.0 63.2
c-7 63.0 64.1 66.8 63.2 64.2
c-8 63.5 63.5 67.0 - 63.8 64,1
C-9 63.5 64.1 67.0 63.3 64,2
c-10 63.0 64.0 67.0 63.0 64.1
c-11 63.1 . 63.9 66.5 63.1 64.0
c-12 62.9 63.7 66,1 63.0 64,0

(Continued)
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Table 12 {(Concluded)

Thermistor Temperature, °F

Location Test 41 Test 42 Test 43 Test 44 Test 45
A-2 71.2 70.8 71.0 71.0 71.5
A-3 70.9 69.2 71.3 71.5 71.6
A-4 75.8 73.0 76.2 76.5 76.6
A-5 70.4 65.7 70.7 70.9 71.5
A-6 70.4 64.5 70.8 71.0 71.3
A-7 70.4 62.5 71.4 71.6 72.4 :
A-8 70.5 60.1 70.4 70.4 71.5 }
A-9 57.3 58.9 69.4 70.1 57.7 L
A-10 57.2 57.1 70.1 70.6 57.6 T
A-11 67.1 55.3 70.7 70.8 ~ 58.8
A-12 66.6 55.5 70.7 70.7 60.2
B-1 67.0 55.1 70.8 70.8 59,2
B-2 67.1 55.4 70.6 70.6 59.8
B-3 66.5 55.2 70.3 70,2 59,7
B-4 66.1 55.0 70.7 70.7 59,2
B-5 67.7 55.1 70.8 70.7 59.3
B-6 67.1 55.2 66.2 68.9 59.2
B-7 67.3 53,9 68.1 69.3 59.4
c-1 66.0 54.0 70.9 70.6 59.0
c-2 66.9 54,2 - 70.8 70.6 59.0
c-3 67.0 54.4 70.8 70.7 59.1
C-4 67.2 54,2 70.6 70.4 59.1
C-5 66.2 53.9 70.6 70.3 59.1
C-6 66.0 53.7 69.7 69.6 59.1
c-7 66.5 55.0 70.6 70.0 59.1
c-8 66.5 54,4 70.8 69.0 59.0
C-9 67.0 55.0 66.0 58.8 59,2
C-10 66.8 54.4 67.0 58.3 59.0
c-11 66.8 54.9 66.0 58.3 59.0
c-12 66.5 54.0 65.5 58.0 59.0

(Sheet 9 of 9)



SH3ILIWOZ3ld MOFT13 ANV INVLNI

(2o l..\ o

U sapew momz 57 4

€ §busy any e

U006 T3 ¢ IIVINTNOIIVATTT
|4
= = , -
T ~L_r... W ,.“u.. T ““&. T Tﬁ. ra] - T : - : — - n.n, ]
aungaans pousves K .rwvn: 1\ﬁ edr- 2dl™ L. [ i _
L | (G535 0-5r W 833008 € 4

Rt

PLATE 1




—_

INTAKE NO. 1 {EL 430.0}

i
b
[

bl ]

-

b
11

—

i
—/—:""—'—L 12" DIAM AIR VENT

~~ PIEZOMETER MANIFOLD EL 432.0 (P7)

L
= _T\‘

INTAKE NO. 2 (EL_390.

i PRESSURE TRANSDUCER PR1 (EL 400.0)
PIEZOMETER MANIFOLD EL 394.0 (IP1 - IP5)

p)\.' 3 PAESSURE TRANSDUCER PR2 (EL 387.5)

t T PRESSURE TRANSDUCER PR3 (EL 360.0}

" L f— PIEZOMETER MANIFOLD EL 355.0 (P&}
INTAKE NO. 3 (EL 35200 ]
i
—n\
"

\§

/

PIEZOMETERS TP8 & TPg

ld—— PRESSURE TRANSDUCER PR4 (EL 292.0)

PIEZOMETER MANIFOLD EL 243.0 {TP&-TP9)

~

AIR VENT TAP EL 244.0 {(DP1}

QC GATE

PRESSURE TRANSDUCER PR5 (EL 233.0)

INTAKE STHUCTURE AND WET WELL
INSTRUMENTATION LOCATIONS

PLATE 2




NOILVLNIWNHLSNI
¢ 'ON 3IATVA ATdH3llind

2dd

(6'28€ 13 gdd HIONASNYHL IUNSSIHd .||M\1w A
I

SdV1l HOSNIS 3HN1IvVHIdNIL

1

173Mm 13M KWvIa 9 ]

ldd SHIONASNVHL IHNSS3Hd

€ 'ON JATVA ANJdY3Ling

D VR —_——

N
A,

F - - . - .
P v

- e s

g e
{—— QTO4INVI H3L3IROZ3Id

CLAd'BAd'9Ad 'EAd DNIH HIDNASNYHL JHNSSIHA

= &/8.03 13) LHd H3IDONASNYHL JHNSSTHd

PLATE 3



i1
I
K

==

o ! l_—'
L ,:"// ]r ! THERMISTOR NUMBER
;-;- AND LOCATION
i '—]—L. _
INTAKE NO, 1 (EL 430.0} —"r ! ™ A2
=T . A3
! L A4
. N P S —\ As
" | ; A8
N ‘ AT
o — ¥l T A8
INTAKE NO. 2 (EL ,390.0)— E [

\- A9

A10 At1
Atz B1
- B2 B3

—

4
INTAKE NO. 3 (EL 352.0)—L—‘_ — §| ?J
KE h

g g IS
(7 =g EL 2688

’ B4 BS
B6 :
B7?

C1 c2
ca c4
C5 Cs
C7 c8

] » .
VALVE #4 ,—/"/ / /

(30-IN.-DIAM BUTTERFLY VALVE}

QC GATE

WET WELL WATER QUALITY
INSTRUMENTATION LOCATIONS

PLATE 4




1004

QC GATE OPENING, PERCENT

_SINGLE VALVE OPERATION.

—— 'VALVE SET AT 45 DEG OPEN

--— VALVE SET AT 90 DEG OFEN

T ]

AIR FLOW, CFS

100 160 200 250
AIR FLOW, GFS .
1001
80
b=
=
L]
[ &)
o
o
. 807 _MULTIPLE VALVE OPERATION.
LU
= ]
z h
Y ! —— VALVES SET AT 45 DEG OPEN
o !
O d _
ur- 40 ; ——- VALVES SET AT 90 DEG OPEN-
= 1
<< |
U] '
O \]
o 4
1
204 \
A
1
‘\
\)
) 5>
_____ F L] T T )
0 50 100 150

200

AlIR FLOW VERSUS

250

GATE OPENING
14" AIR VENT

PLATE 5



6dl ONV 8dl SH3L3W0Z3Id TIIM L3IM

NOILVHBIWI HILIW MOBT3 INOZ NOILISNVHL

HILVM J0 1d '3UNSS3Hd TVILINIH3IHIO

c"00t¥ 00t

o'}

0¥

0ot

0cov

S47 °J9HVHOSIO

PLATE 6



GdI H3L13W0Z3Id 2 "ON INVINI
NOILVHBITTVD H313W MO8T3 INVINI

0ISd '3UNSS3dd WIIN3HIJSI0
00 0¥ 01°0 1070

0¥

> 007

0007

PLATE 7

542 "ISYVHISIC




9dI HALIW0ZIId 'E "ON IVINI
NOILVHBITV] H313W MO8T3 INVLINI

0ISd ‘3BNSS3Hd “VIINIHIIAIO
0°0v o'}y 08’0 10°0

4]

0o

000F

S47 ‘I9HVHISIC

PLATE 8




Ld] H313W0Z3Id T "ON DIVINI
NOILVHAITVI H3L3W MO8T3 INVINI

0ISd ‘3tNSS3Hd WIINIY3L4I0
0°0F 0¥ L) 10°0

1]

00%

0coy

840 "39HVHISIA

PLATE 9



2.0
N O B
I I '
aH .
2.8 Hy __*——_—_HEI_I
e T
Vi —» _ ﬁ?— Vg—={ 2
2.4 : 4
AH=2 Hj=Ha
DEFINITION SKETCH
2.2
2.0
I8
i
3 . \\ |- SUGGESTED DESIGN GURVE
Y
[EN
SR
.
v 1.2 K
ANIAN
\ N
1.0 \\ \ 1! SINGLE VALVE OPERATION
: BUTTERFLY VALVE NO. 2
: \\ WARM SPRINGS DAM
h
0.8
-.---‘.“\\ < \\‘\\
+
o8 \\ \ __{— DATA FROM MODEL STUDY (TULLIS 1974)
N
\\
0.4 RS
S N
M
0.2 \"s. \ \.
. ™ - ‘\1‘.'. [
=]
0.0
0 10 20 30 a0 50 80 70 80 90
OPEM VALVE OPENING IN DEGREES (Cr) CLOSED
BASIC EQUATION
a=CqD%g YBH
WHERE : BUTTERFLY VALVES
Q =DISCHARGE IN CFS
Cq = DISCHARGE COEFFICIENT DISCHARGE COEFFICIENTS
D «VALVE DIAMETER INFT VALVE IN PIPE
g % GRAVITY CONSTANT =32 2F T/SEC?
AH =PRESSURE DROP ACROSS THE HYDRAULIC DESIGN CHART 331-|

VALVE IN FT OF WATER
WES B-38

PLATE 10



NOILVHId0 JATTVA-OML

SIATIVA A14H311NG LV MOT4 03943Wans

NOIivH3d0 O3ONIWWDI3H

% 'ONIN3dG 3Lv9 20
03 05 or O 0c

SNIN3dO 3NYS LY € ONY 2 SJATYA
SONIN3dO 2WYE LY E ONY T S3ATVA
SNINSJO 3WYS 1Y © ONY 7 S3ATVA

—— i

09

0L

08

06

930 'ININ3dO 3ATVA ATdH3ilng

PLATE 11



NOILYH3IdO JATIVA-ITINIS
SJATVA A14H3LING LV MO14 (39HIWENS

NOILVHId0 OJON3IWWOI3H
% 'ONIN3d40 3Lv9 3D

€ "ON 3ATVA
¢ "ON JATWVA

F "ON JATVA

0L

08

06

930 '9NIN3dO JATVA ATSH3LInG

PLATE 12



I‘.TH 2,957 o.pew

.
. .
uf
Z 5]
m_-
8%
w ¥
o
3
¥i%ie Towo Zow Toows ¥ots oo dabe 7.oer dost d.eve T

-TEST B3-G ,

£ TEST B3-E

3T 1.718 2,857 4

PRAESSURE, FT

LICIE LY

0 -2,857 -i,

oy

-
s
£
=

PRESSURE, FT

ey Teda Lat .34 Tete Soae ooea F.ued d.ah 9.608 Ta.oo

TEST B1~G

TIME, SEC.

TIME, BEC

WET WELL
WATER-SURFACE ELEVATION FLUCTUATIONS

SINGLE-BUTTERFLY VALVE OPERATION
PRESSURE TRANSDUCER PR3

PLATE 13



- TEST D7-F

PRESSURE, F
=
-
=

=

=
=

TEs—
—
=
=
_—=
==
i

PRESSURE, FT
[ [

o R S

Tl.enm f.ea2 Z.90w J.ev0 d.oe@ S.00p 5.000 7.900 6.90 9.202 19.00

. TEST D3-d

su

;g_wwwwwﬂwww

WET WELL
WATEA-SURFACE ELEVATION FLUCTUATIONS
TWO-BUTTERFLY-VALVE OPERATION
PRESSURE TRANSDUCER PR3

- PLATE 14



PRESSURE, FT
1718

PRESSURE, FT
1718

PRESSURE, FT
.

2! TEST G3~-1

b
=

'J:in v.209 Jams Jeaa V660 S.wed3 ¢ ses 7.a0c d.ead 9.0 (0.m8
TIME, SEC.

oce 12.897 -1,

i
§' TEST G4-I

wen [.0ea J.e¢e 3.00¢ €.00@ 3.0a0 €.00¢ 7.coe d.od¢  ¢.20p 10.08
TIME, SEC

—_,

82 -2.857 -1.714

-,
Pl

EiTEST G4-A

P

~

.

- )
o

o

«

£

Times Tess Lesi Tow Wore Tem dess 7oeeo doada dosea Te.ee
" TIME. SEG

WET WELL
WATER-SURFACE ELEVATION FLUCTUATIONS
THREE-BUTTERFLY-VALVE OPERATION
PRESSURE TRANSDUCER PR3

PLATE

15



TIME-HISTORY
RATIONS

VALVE LEAF VIB

0. 2, TEST 82-6




.1002 HlZBB

. 2608
1

. 4608

L

“nunn

ACCELERATION, g's

Q.0000 2200

ACCELEROMETER A1

I

.1282

. 1900

. G800

ﬂWUBB “mﬁﬂﬂ

ACCELERATION, g's

. 0200

G, 3008 .

a

.0z Jo.oo 40.¢ce ©60.00 80.00 (90.00 [20.00 L4P.00 160.00 18@.00 J00,0D
FREQUENCY, Hz

a

ACCELEROMETER A2

1

t? Z0.00 40.e0 ©60.00 60.00 10€.0@ (20.00 140.2¢ 160.00 180,00 20,00
FREQUENCY, Hz

'FAST FOURIER TRANSFORMS
VALVE LEAF VIBRATIONS
VALVE NO. 2, TEST 82-6

PLATE 17



N3d0 ATInd | JATVA
SININ3dO E JAVA

JHNLVH3IdW3L 3I5VI3H 03AHISE0

930 "9NIN3dO E 3ATVA

06 08 0. 0% 05

(4 OE 0c 07

I ¥ 1 i

1 I I ]

9NINIH0 21V¥S 2D X 05 = x
SNIN3JO 31¥9 280 X 02 = #
9NINAdD 34V9 2B X OF = +
ONIN3d0 iV DD X S = O

ON3931

05

cb

4"

95

BG

09

29

4]

99

B3

0L

“'S3HNLYHAdW3L 3SY3N3Y

do

PLATE 18



N3d0 ATIN4 § 3ATVA

SININ3JO 2 3ATVA
JHN1VHIdWIL 3SVI3H 03AH3SE0

930 "ONIN3dO 2 3AVA
06 08 0L 08 0%

oy

0E

SNIN3J0 JLY9 0D X0S = X

ONIN3JO J1v3 D0 X 02 = *
SNIN3dD 31¥3 30 X OF = +

ONINSJD ALY D0 X G =0
oNgsan

09

-89

0L

do 'HNLYHIdWIL 3SVIT3H

PLATE 19



JIHVHISIO SNSHIA
(WHLIHO9V INION3TE 9NISN)
S3YNIVHIdWIL ISVITIH 03AHISHO
WOHS 0313103Hd 40 NOILVIA3Q

S40 "39HVHISIO
0SE  O0E  0S2 002 05} 00t
| 1 |

0S

E

A€

KW XK K

by A
'NOILVIAIO 3HNLvH3IdW3L

o

o

Jo

PLATE 20



SIN3IIT44300 394VHISIO N9IS3O
JOH SNSH3IA 031NdWOI

007

08

930 'ININ3JD 3ATVA
09 oy 02

Ll T | i

S3ATIVA SONIHAS WHVM x
3AHND N9IS30 ICH ~--

S2°0

G'0

SL°0

Gt

S°1

SL°V

AN3IJI44300 39HVHISIO

PLATE 21



(WHLIHO9V 9NION3ITE 3HL INISN)

S3dUNLvH3dWdl 3ASvV3ITay
03AH3SE0 SNSH3IA 03131034d

d, '3HNLvY3dW3l 0310I034d
0/ B9 99 3 @29 (09 858 95
T

VS

¢S

| I 1 | | 1

03AH3S80 = 03LII03Wd —

—

|

0L

do 'FHNLYHIAW3L 03AHISEO

PLATE 22





